
Fermilab FERMILAB-PUB-06-419-E

���������
	������������������������� �"!#�%$'&(*),+-���.&(�/��10324��51&(��!6�"879�:!-�
�;!#�*<;=<?>@�+#+6!#�A!-��B�C�D&
E F�GIH:JLK�MON ��P

QSR.Q%T/U/VXWZY�[Z\X]�^ _a`Sb
R�Q%c(WdVfeg]hY�^ji#`SklR�Q1m�noVpc(WZqr^siut�klR.Q%v�\Xewnhxan�^ y6y{z|R }�R�Q"VXT/qan�~�^ji#���{R.Q%eST/qan��6Wo^si#�{��R�Q"ewWZqa\Xn�^ �a`
�{R�Q"ew\pc(WZ\�^ `#��Q�R�Q%Y�]o�#xa]��6�6n���^ ya_l�wR�Q"Y/\XvoWdWZ��^si-��QSR
Q"Y�Y/n��A\�^si-��b
R�Q%Y�xan��d^ji�z;R
Q"n�vA\�^ y6y�}�R
Q"�.noVXVf\XY�]hqa\�^ji#��b
R �u��R�Q"qa�oU/\XY�^ `6`

klR.Q%q6\p�6]3~�]/^ ya��Q�R�Q"q6x6\Xvon���^ji-����R Q%�6�/eg]hY
�#v�]o�d^si-��QSR Q�x#xa]oV�^ �S��R�Q"�Z��]hqr^ ��_S��R�Q"�d�Z\f�L��]o[d[��/W�x6xa]�^ ��`���R�Q"�Z�dU/qaq6\�^ ���
� R���]�[Z[��/WZx#xa]�^ ��`l��R
��]�c(�oWZx#xd^si#��Q�R���]hqaT�]oq6no�u}l]oV�xa\fWdq6\�^ _a�B�SR  "R���]hqaY/Wr�Z^ �a�l��R Q�R
��]oq6Y/WZx#xr^ _6�S��R���]hqano\p]hY�xr^ ���SR
��]oq#x��6[���^ `6t
}�R
��]hU�WZqr^ `a_ �¡R.��Wdc(Wr�6[��/\�^ �a� ��R
�¡Wd��]hqa\�^ _6� ��R���WZVf�¢noq6x6W�^ y6� }�R
��WdVfVXW�x6x6\XY/\�^ ��� b�R
�¡WdVfVX\XY/�oWdqd^ y6£ QSR
��WZVXVXnoY/\�^ `a_ �{R
��WZY�¤#]oew\fY�^ i#y

Q�R��¡Wdq6WZx6��]o�d^si-��b
R
��Wdq6\XY/�oWdqd^ _a��klR.��WZqaqa¥.^ _a£�Q�R��¡�
]�x#xa\�^ y6t{z|R���\fY/vAVXWZ¥�^si-���{R��¡\p�6WZVXVfn
^ ��`�¦�R  "R.�¡Vp]h\Xqr^ _{§BR���Vfn([�v�WZqr^ �
��R���VfU/ewWdY(�¢WZVpc ^ _#�SQSR���n([Z[�\�^si-y�QSR���nAc/WZv�^ ��£l�SR.��no\p�#��WZq6xd^ �a£l}�R
��noVXVp]/^ �a�lQ�R
�¡n�VX�6�/n���^ `6_l�{R
��noq6x6n�VfWZx#x6n
^ ���lb�R/��n�U�c(qaWd]hU�^ ���
QSR
��n��oWd\X]�^ji-t��BR.��qa]oU�^ji-t�¨�R.��q6\X�oVX\X]�c(noqa\�^ y�§BR
��qanoeST.WZqa��^ `ay� %R���q6U�T�]hv�WZqr^ji#`lb�R.�¡U
c/]h��n��.^si-�l©SR � R
��U�c/c ^ ��£S��R
��U�c�c ^ _a`

��R ��U�c(qanoY�\�^ �a�{�wR
��U/qavoWZx#xd^si#��}�R���U��#WZx#xan�^ �a`{��R.��U��a�#Wd¥�^ _6t{�wR�¨�R���¥�qaU/e9^ _{��R�§�]hT�q6Wdqa]�^ji#y�z|R�§�]hew��]oY/WZVXVf\�^si-£
z|R�§�]hew�/T.WZVXV�^ `#����R�§�]hY�WZVXVf\�^ji#��Q�R §�]hY/Wd��]/^ ������R�§�]oq6\XVfVXn�^si#���SR §�]hqaVX�6ew\�xa��^ ya£�¦�R §�]hqan��6\�^ �a�lz|R §�]o�a]hq��6]�^ y6��Q�R §�]o�#x6qan�^ y
��R.§�]hxa]o�#x6\XY/\�^ �����{R.§�]hU��o^ y#�Sz;R.§�]3��]hVXVf\f�u�A�¢noqa�d]/^ `lQ�R §¡WZqaq6\�^ _a�l¨�R §¡WZqaq6\fx6n
^ ��_���R ©SR�§¡��]oY/��^ _a��ª{Rs§BR�§¡�/WdY�^ji�z|R�§¡�/Wdq#xanov�^ �
}�R.§¡�/\p]hqaWZVXVX\�^ �a��}�R�§¡�/VX]�[��/\pc(�ZW�^ji-����R.§¡�/VXWZT�]oY�]/^si-�l«¬R�§¡�/n�^ _6���wR
§¡��n�^ _6���{R�§¡�/n�vA�/WZVX\�^si-��b�R ��R
§¡�/noU�^ _¬il}�R.§¡�/n�U�c/]hVp]hvA\p�Z^ `a_
��R ©�R.§¡�AU�]oY/��^ y6£��wR
§¡�AU/Y���^si-_l��R ©�R §¡��U�Y/��^ y6£�ª�R � R.§¡�AU/Y/��^ ��£�z|R.§¡\XV ¤#]ov.^ ���S§BR «¬R.§¡\XnoT
]hYAU�^ _6`lz|R Q�R §¡\fn([Z[Z\�^ ����Q�R.§¡Vp]hqav�^ji#£
�{R�§¡Vp]hqav�^ � z|R�§¡nA[d]/^ i-y }�R §¡noew�.n��#x6WZVXVp]/^ �a` z|R  "R §¡noYA�oWdq6¥�^ y#t b
R.§¡noYA~�]3¥�^ � ��R.§¡nAno�.WZqr^ `ay �wR.§¡n��/\X[o^ `6� z|R §¡noq�c(WZVXVX\�^ i-�

}�R §¡n�q#xa\X]oY�]/^ ��`���R §¡qaWd�a[�\XnoVX\�^ ���S§BR §¡U/WdY�[Z]Q"VXe�WdY�]hqr^ �Sb
R�§¡U/Wd�3]��Z^siai�¦�R�§¡U/VXT
Wdq#x��#n�Y�^ji#��b
Rj§BR�§¡U/VXVf¥�^ `#���SR�§¡¥Aqd^ ya£
��R
��]o¦"noY�[Zn�^ �a`S� R.�{® Q%U/qa\X]�^ _6t{klR��B]3�A\XWd�d^ _6tSz|R��{®j¯BY/no�¢q6\Xn�^ `��{R.��]h��WZY/�
]hq6xd^ ����R
c(W���]hqaT�]hqan�^ �a£���R��BWw§¡Wd[d[�n
^ y¬i
Q�R.�%Wd\X�6�/WZqr^ _6��}�R
�BWS¨�WdY�x�c(Wd[�v�WZqr^ ��£�z|R��%WdVfV�®s¯Bqa�6n�^ �a����R.�%WdVfVX\D�:]onoVX\�^ ��`�¨�R
�BWZewn�q#xa\fWdqd^ y#t{b�R.�%WdY/��^si-ySz|R.�BWZY�\fY/Y�n�^ y
�SR.�%W{��Wdc(\p�Z^ y¬i���R ��R
�BWZqa~�WZY�xd^si-��}�R ��R
�B\D}�\Xn���]hY/Y�\�^ �6�{§BR.�%\XnoY�\X�6\�^ y¬il��R
�B\°¦1U/�d�d]�^ y6�Sb
R ¦�R
�%\fx#xaew]oY/Y�^ �{��R��B\pk�U/qan�^ ya_
§BR
��±noqaqd^ _ay���R
�BnoY�]hx6\�^ ����z|R.�%n�Y/WZ��]/^si-£���R
�%n�Y/��^ ��b
R��%n�Y/\XY/\�^ ��`�klR
�Bnoqa\f��n�^ �a`�� R
�BU/T
W�^ ya_Sb
R� ��¢q6n�Y�^ `a£�¦�R. �qaT�]o[��/Wdqd^ �
�{R
 �qaqaWdc(W�^ _a`���R
 �q6qaWdc(W�^ _a`l¦�R
 �U��6WZT/\�^ji#��©�Rs§BR
�
]hY/�
^ _a����R.��]hqaqa\fY/�ox6n�Y�^ _a£�«¬R��/Wrc(noqavon
^ ������R klR.�/Wrc(noqavon
^ji#`l¦�R }�R.�/Wd\fVpc ^ �#t

z;R��/Wd\fY�c(xd^ _6y�b
R ��R/�/WZqaY�]oY�c(WZ��^ `¬i�¦�R��D\XWZVpc ^si-��}�R��DVp]hY�]o��]oY�^ ���lQ�R���noVp]hY�c�^ _¬il��R���noqaq6Wr�-xaWZqr^ �l}�R ��R.�/n��-xaWZqr^ji#�lz|R��/q�]hY�v�VX\XY�^ _¬i
b
Rj§BR(�/qaWZWdeg]hY�^ _6�B«¬R/�/U�q6\p[h^si-`�z|R�}l]oVfVX\fY
]hqan�^ y#t�b�R/}l]hVX¥�]oqac(xd^si-_�b�R  "R(}l]hq�[�\p]/^ ���B��R/}l]hqaT
Wdqa�6noY�^ji-t�QSR ��R/}l]hq6²�Y/v�WZV�^ ����§BR�}l]3¥.^ �6t
©�R
}�Wdq6T.WZqa\X[���^ _a` �SR.}�WZq�c(Wd�d^ `6� ��R
}�\p]h��U�^ y�i ��R
}�\p]hY/Y�W�x#xa\�^ ��� Q�R.}�\XT��6noY�^ _a� �wR�}�\fT��6noY�^ ��� b�R ¨�R.}�\fewewWZVXV�^ ��£ §BR�}�\fY
�#T/U�q6�
^ i#�

� R�}�\Xnov�]hqa\p�Z^siu�{z|R�}�\Xnoq�c/]oY/\�^ y6�S��R�}�\Xqanoew\fY�\�^si-�{z|R }�\fU/Y�x�]/^ �a��}�R�}�\XU/qa�o\XU�^ji#_��{R�}�Vp]h��noVXWZ��^siu�S�{R }�VfWdY/�Z\XY��6v�\�^si-�
z|R
}�n�VXc�^ `a� � R
}�n�VXc��6[��/ew\pcAxd^si#��b�R.}�noVpc/�-xaWZ\XY�^ �a_�}�R
}�n�ewWZ�o^siail}�R.}�noewWd���#§¡WZT�]oVfVXn��d^jiai%z|R
}�noY
[���]hqan���^ ya`l¯{R.}�noY/�°³]hVXWZ�o^ `¬i
«¬R�}�noqaWZVXn��.^ `a��Q�R klR.}�n��6��]3~�^si-y��wR.}�noU/VX\X]oY/n��d^ y#t�QSR.}�qaWd�6WZVXWo^ �a`�z;R
}�q6\f´wx6���d^ _6£���R.}�qa\fY
�-xaWZ\XY�^ _¬i�§BR�}�q6n��6�6nh�u��\XVX[���WZqr^ji#`

¦�Rj§BR }�q6n�U/��^si-��µ�R�}�qaU/Y�c(VXWZqr^ _6`{b�R }�U/\Xew]oqa]oWd��c/]¶§¡n��-x�]/^ _�i{·DR }�U/Y�]3¥��Lµ%Y�]hVp]hY�^ `ay�§BR�©%]oT
Wdqd^ _6���wR�©%]h��Y�^ `a_
��R ¦�R ©%]o�/Y�^si-�{ "R�©%]hVXvA\X]�c/]hvA\p�Z^ ya_�Q�R�©%]oe�\XVfx6noY�^ `a`{��R ��ª�R
©B]hY�^ �a£�b
R ª�R.©B]hY�^ �a£{¦�R�©%]hY
c(VfWdqd^ ya£S��R ©%]h����]o[��/Wdqd^si#�

�wR
©B]hq�]/^ y6ySz|R
©B]hqaWo^ y6�S� R.©B]hqa�
Wdqd^ �a_S¦�R ��R�©%]oq6qr^ ya��¦�R z|R�©%]hqaqa\X�d^ji#��z|R�©%]oq#xa�o^ �a���wR.©%]hxa]hv�WZ¥�]heg]/^ y#t�b
R
©B]hU��6WZqr^ �
Q�R.©"WZ\ ¤-T.n�Wdqd^ ��y��BR
©"WZ\XY/Wdew]oY/Y�^ _6£Sb�R/©%WZ\XY/q6\p[���^ �ayS§BR
©"WZY
c(WZq��#n�Y�^ `6_�z|R
©"WZqaY�c(n�Y�^ y6£�b
R/©"WdU��#Wdqd^ _ay��SR.©"\pc/]o�d^ji#yS§BRj��R�©"\XVXV�^siut
�{R�©"\Xq��6[��AT/U/Wd�/V�^ _aylQ�R�©%nA[�v�WZqr^ji#�lQ�R�©%noVXVfn�~�]3¥�^ _¬iB��R�©"n�U�^si�z|R�©"n�U/Vpc(WZY�^ _a£S��R �-§BR/©B�#U�^ £���R klR
©"U(m�eg]hY�^ �a_S¦�R  %R�©"U��o�/Wr�Z^ `6£

µSR
©%U��#Wdeg]hY/Y�^ �6t b
R
©"U
�-xanoY�^ `6y b�R
«uY�[Z]oY�c(WZVp]/^ i-t }�R�«uY�x6qano�d�Z\�^ ��� z|R
«unoqa\�^ y¬i ª{R
«-�#�/\X�d]3~�]/^ yay Q�R�«u��]oY/n���^ � ��R�«u¥AU(xa\fY�^ `a_
 %R
b�]hewWd�d^si-���{R�b�]oY/��^ y6_S�BR�b�]3¥�]�xa\fVp]hv�]�^ `6���SR b�Wd]hY
�Z^ y�i�©�R�boWdY��#WdY�^si-�� %R b
R
b�WZn�Y�^ _6�S� R.b�\fY
c/]hqa\X]oY/\�^ji#��z|R�bon�Y/Wd�d^ �a�
�wR �wR.b�nAn�^ _6�{��R ª�R boU/Y�^ji#_Sb
R  %R
b�U/Y/�
^ _a�SklR ¦�R�boU/Y�v.^ _a`SklR���]hewnoY�^ ya`S��R  "R
��]oqa[���\fY�^ ya�lª{R���]�xan�^ �¬iBª�R.�lWdew��^ _ay

¦�R
�lWd�/��]oq#xr^ji#��µ�R.�lWZqa�ZWZV�^ _6y��SR.�l�/nhxa\fVXn��A\X[���^ ya`l�BR
�l\fVXew\fY��#x6Wdqd^ `a£��SR ©�R.�l\fe9^ _6��©SR � R
�l\Xe¶^ _a��b�R  "R
�l\fe9^ _6��z|R b
R��l\fe9^si-_
��R �BR��l\Xe¶^ _a�S��R ©�R��l\fe9^ y6y�ª{R �wR
�l\Xe¶^si#` � R.�l\fe{U/q�]/^ y6y�¨�R
�l\Xqa�a[���^ �S��R.�lVf\XewWZY/v�n�^si-��z;R.�lVXU(x6W�^ `a_���R��lY�U/x6Wd�6noY�^ `a_

�BR ¦�R��ln
^ji#y��wR/�lnoY
c(n�^ y6���{R b�R��ln�Y/��^ _a��b
R��ln�Y/\f���#T.WZqa��^si#�BQSR��lnoqa¥�x6n���^ji#�lQ�R �SR��lnox-~�]oV�^si#y�QSR��ln���]hVXWZ��^ �aylQ�Rs§BR��lq�]o]oY�^ ��y
b�R.�lqa]oU��Z^ _a`l«¬R
�lq�]3��[��/WdY/von
^ `a_Bz;R
�lqaWZ���d^ _ay�b
R
�lqanoVXV�^ �ay � R.�lqaU/ewY�]�[�v.^ ��z|R.�lq6U��6Wo^si#yl�SR��lq6U(xaWZVX¥on���^siut�klR
�lU�T
n
^ yay
��R. "R��lU��/Vfeg]oY/Y�^ _�klR
�lU/��qd^ _6y�ª�R
�lU��a]hv�]oT
W�^ ya����R
�l~�]hY���^si-`�QSR klR.¨�]o]��6]oY/WZY�^ ������R
¨°]h\�^ `a`S��R�¨°]hew\�^ ���S��R.¨�]hewewWZV�^si-�
z;R
¨�]oY�[Z]��-xaWZqr^ `6t�¦�R ¨�R.¨�]hY
c(WZqr^ ���wR
¨�]hY�Y/noY�^ `a£�Q�R.¨�]�xa��^ y6_�}�R
¨�]hx6\XY/n�^ ���l«¬R
¨�]o�Z�d\f�d�ZWZq�]/^ ��`�klR
¨�W�§¡noew�(xaWo^ _�b�R
¨�WZW�^ ��£
b�R.¨�WZW�^ _a� ª�R b
R
¨�WZW�^ _a� ��R ��R.¨�WZW�^ ya` ¦�R.¨�WZ�u¸WZ�AqaWo^ ` � R�¨�WZn�Y�]hq�c(n
^ `a_ ��R.¨�WZn�Y/Wo^ �a� ��R
¨�WZ�A¥�^ i#` b
R �{R.¨�WZ~1\p�Z^ i#� §BR
¨�\fY�^ �6t
§BR ��R�¨�\XY�^si-�Sz|R.¨�\fY
c(�oqaWZY�^si#�� "R�¨�\f�.WZVXWd�d^ £SklR z|R
¨�\X�a�Z^ _a`SQ�R.¨�\p�-xaWZqr^ �S�SRs¯{R
¨�\�xa��\XY�xa�6WZ��^si-�{klR
¨�\XU�^si-� � Rj��R
¨�n([�v�¥�WZqr^ ��y

Q�R�¨�no�o\XY/n���^ `6��z|R�¨�noqaW�x6\�^ �a`���R/¨�n��oWZqaqaWo^ y�i%¦�R �u��R
¨�U�^si��SR
¨�U�[d[��/Wd�6\�^ ��`���R/¨�U�¤#]oY�^ _a����R�¨�U/voWdY��Z^si#�l}�R
¨�U/Y/��U�^si-��¨�R�¨�¥�noY��d^ ��_
b
R
¨�¥(�d^ _a��¦�R�¨�¥(�a]hv�^si� "R
¨�¥�x6voWdY�^ �a����R.z¹]o[�v�^ _6yS�SR.z¹]o[3ºBU/WZWdY�^ `a`�¦�R�z¹]�c(qa]ov�^ji#���wR
z¹]oWd�6�/\Xew]�^ji#���wR
zC]hvA�/noU�V�^ `6_

klR�z¹]ov�\�^ _6_���R/z¹]ov(�#\Xewn���\p[h^ _6��� R�z¹]hVpc(W�^ ��_�}�R�z¹]oY�[Z]�^ _a£���R�z¹]hqa��]oq6n�Vf\�^ y%¦�R.z¹]hqa�o\XY/Wd]oY�^si-��§BR�z¹]oq6\XY/n�^ _ay�§BR ��R�z¹]oq6\XY/n
^ _a`
QSR.z¹]oq#xa\fY�^ �6tSz|R.z¹]hq6x6\XY�^ _#t{�SR
zC]hq6x6\XY�^ _6t{z;R
z¹]oq#x3³» Y�WZ�o^ `�klR�z¹]hqaU/¥�]oeg]/^ y6yl��R
zC]o�#x6q�]hY�c(qaWd]�^ y¬i�klR
zC]o�6U/T/U�[��/\�^ y6y

©�R
zC]�xa�6U/Y�]o��]�^ yaylz|R  %R
z¹]hx#x��#n�Y�^ ya��¦�R.z¹]h�d\fY/\�^ `6`���R.z¹]h�d�d]oY�xa\�^ y��wRj��R�z¹[d��]hqaVp]hY�c ^ ��£���R
z¹[Z«uY�x-¥AqaWo^ y6`�¦�R
z¹[ � U/Vfx-¥�^ _a£
QSR�z,WZ��x�]/^ _6£���R/z¹WZ��xa]oVX]�^ _a_���R
z¹WZY/�dWZewWZqr^jiai�Q�R
z,WZY/�d\fn�Y/Wo^ ������R�z,WZqavoWdV�^ ���S§BR�z,Wd�6qano�/\p]hY�^ y6tlQSR
z,Wr�6�6\XY�]/^ `6ylklR.z,\X]on�^si-�
� R
z,\XVX]�c(\XY/n��A\X[o^ �lb
R
z,\XVfWr�Z^ `a_�¦�R
z,\XVXVfWdqd^ `6y�§BR�z,\XVfVp�Z^si-tSz|R
z¹\fVXY/\Xv.^ _ay�Q�R�z¹\�xaqa]�^ji�}�R
z,\�x��#WdVfeg]ov���WZqr^ji#��Q�R.z,\f¥�]hewnhxan�^ _6�

��R�z,nAWdc ^ i-£ � R z,n��o�o\�^ y ��R.z,n��/qr^ � ¦�R.z,nAn�q6W�^ i#� z|R�z,noqaWZVXVXn�^ �a� ��R�z,n��A\XVfVp]¼�/Wdq6Y
]hY�c(Wd�o^ _6� b�R.z½±U/VXewWZY��#xr±]�cAxd^ _6�



¾

Q�R�z,U/vA�/Wdq�¤-WdWo^si-�{k���R�z,U/VXVfWdqd^ _6y{¦�R�z,U/e��¢noq�c ^ _#����R.z,U�qa]hxd^si-��b
R � ]o[���xaew]oY�^si-��QSR � ]h��]hY/n
^ yay�b
R � ]h��]oY/noeg]�^ ya�
«¬R � ]ov3]oY/n�^ �at�Q�R � ]h�/\XWZqr^ y6�l�{R � Wr[�U/Vp]/^si#�{§BR � WZU�^ �aySz|R � R � WdU/T�]oU/WZqr^ £�b
R � \fWdVX�6WZY�^ _a��klR � \f��ew]oY/n���^ ����¨�R � n(c(U/VXeg]hY�^ _
¯{R � n�q6Y/\XWZVXVp]/^ `  "R � U/q��#W�^ `6t ��R ©�R�¯B��^ i-y ª{R �SR�¯B��^ _6� «¬R ¯Bv(�6U/�Z\p]hY�^ i#� klR ¯BvAU��a]3~�]�^ ��i ¦�R�¯BVXc(Wdeg]hY�^ _6£ ¦�R ¯Bq�]3��]/^ _6_

�wR.¯��#x6Wdq6T.WZqa��^ _6_�§BR��:]o�oVX\X]oq6n�Y/Wo^ �a�B "R/�:]oVfWdY�[�\p]/^si6i"�SR
�:]h��]�c(\few\fx6qa\fn�U�^si-�lQ�R Q�R
�:]hq�]hewnoY/n���^si-`B��R/�:]hqavA�d^ `6£l��R��:]��#��]o�
n�U/qr^ `a`
b�R��:]hx6qa\X[�v�^si-��}�R.�:]hU/VXW�x6xa]/^ y6��z|R
�:]oU/Vf\XY/\�^ji#_S§BR��:]oU��Z^ `a_��SR  "R���WdVfVXW�x6xd^ ��Q�R.��WZY/�dn�^ y#��klR b�R
���/\XVfVX\X���Z^si#yS}�R
��\X]�[�WZY�xa\fY/n
^ ���

b�R���\XWdc(q�]/^ �a�S¨�R.��\XY/WZq�]/^si-�S�wR.��\�x6xa�d^ _a`�§BR.��Vp]h�oWdqd^ ��¨�R
��noY
c(q6n�e9^ ya£�¿SR���noq6x6WdVfV�^ `S¯{R.��n�U/vA�/n���^ji-� � R���noU/Y
c(WZqr^ ��_
��R(��q�]hvon��#�A¥AY�^siu�"QSR(��qanoY/v�n�^si-�"b
RA��qanoU�cA�¢nAnoxd^ _"��RA��x6n��/n��d^ji#�B}�R(��U/Y/�Z\�^ �a��b�RA��U�qa�6VfWd¥�^ _6�Bb
R�¦%]oc(Wdew]�[�voWdqd^ �a_%Q�R(¦"]h�
]heg]hY�^ ���
� R.¦"]hYh¤#]hY�^ �a��� R
¦"]o�/�
n([d[�\Xn�^ _�i���R�¦1Wd\X�6WZq6xd^si#�l�SR
¦"WZvon��A\p[h^ `6�l��R�¦"WZY�x6n�Y�^ ��_�z|R.¦1Wd�a[�\X�oY/n
^ y¬il��R�¦"\X[���x6Wdqd^ _ay��¡R.¦1\Xe�n�Y�c(\�^ y
¨�R�¦1\p�-xanoqa\�^ �a��QSR
¦1n�T��6noY�^ _#t�klR
¦1n(c(q6\X�on
^jiai� "R
¦1no��WZq��Z^ _6`���R.¦1noVXVX\�^ y6��¦�R
¦1n��#Wdqd^si-��z;R�¦1n��a�6\�^ y#��¦�R
¦1n��6�6\fY�^ji#��Q�R.¦1U/\X�o^si6i
b�R.¦1U��a�Z^si-_��SR
¦"U��#U�^ji#`�©�R��(]o]oq6\XvAvon
^ _a_���R.�(]oT/\Xv.^ `a`�Q�R �(]��¢n�Y/n���^ ya`l��R �wR
�(]hvAU/ewnox6n�^ ��£S}�R.�(]oVX]oeg]hY/Y�]�^ y¬i�¯{R
�(]oV�x.³n�^ `
�{R.�/]hVfx6�ZT.WZqa��^ �{§BR���³]hY�[���WZ�o^ `�¨�R.�(]oY�xa\�^ y6�{��R.�/]hqav3]oqd^ y¬i�¨�R.�/]hq6x6noqa\�^ �����wR.�(]hx6n
^ji#����R.�(]3��]oqac ^ `a`�Q�R �(]3�on�¥�� � ]3��]hqaq6n
^ �a�
klR��([��/Wd\Xc(VXWo^ _ay ��R.�([���VX]oT�]o[���^ i#�  "R  "R
�/[��/ew\XcAxr^ i#� z;R ��R��([��/ew\Xc(xd^ �#t z|R.�/[��/ew\�x6xd^ `6� klR��([��A~�]hqa�o^ � ¨�R �([�n(c(WdVfVp]hqan�^ i6i

QSR ¨�R.�([Znhx6xd^siutSQSR
�([Zq6\XT�]hY�n�^ �a����R.�/[�U/qa\�^ ����Q�R.�(Wdc(n���^ �a����R.�AWZ\pc(WZV�^ `6�lª�R.�AWd\f¥�]/^ �¬i�QSR
�AWde�WdY/n���^ji-��¨�R��AW�ÀAxanoY(�u�lWZY/Y�Wdc(¥�^si-�
Q�R ���¢¥AqaVX]�^ji#£�z|R �SR��A�
]h�/\Xq6n
^ _a��klR �A�/Wr]hq��Z^ _6£S��R ��R �A�/WZ�
]hq�c ^ �����{R��A�/WZqaeg]hY�^ _¬ilz|R �A�/\Xe�no¤-\feg]�^ yaySz|R �A�/n([��/WZxd^si-`

ª{R��A�/noY�^ ya£�«¬R
�A��q6Wd¥�T.WZqr^ `6��QSR.�A\pc(nhxa\�^ ������R
�A\XY/WZqa�on
^ `a`�Q�R��A\p�6]ov�¥�]hY�^si-�lb
R
�r¤-n�Vf\XY�^ �a_SQ�R b�R��AVX]oU/�o��xaWZqr^ji#��b�R.�AVX]oU/YA~1�/\fx6Wo^ `a£
�wR.�AVX\X~�]�^ ya��b
R ¦�R��Aew\�xa��^ �{��R �SR �AY/\pc(WZqr^si-�{¦�R��(Y/\f�AU/qr^ `6`�z;R��An(c(Wdq6T.WZqa��^ `6��Q�R �Ano��]�^ �{��R��(noeg]hVX~�]oqd^ ya_l�SR �Anoqa\fY�^ `ay

b�R
�(��]hVpc(\XY/��^si-�l��R
�A��\fY/WdVfVp]/^ ����klR��A�/qaWZ\fx6�dWZqr^ `a`���R��(Á�U/\XVfVp]o[Z\fnox6\�^ ����z|R
��x�]hY/\fx6�dvA\�^ �#t�QSR
��x�]3�oWZqa\p�-�u��noVX¥Av3]oVX]��Z^ ���"¦�R
��xrR��BWZY/\p�Z^ _6t
�BR���x6WdVf�dWZqr^ �S¯{R���x6WdVf�dWZq6�-§¡��\fVfx6n�Y�^ ��_��{R.��xaWZY�x6��^ `a��b
R.��xaq6n�Vfn���]o�d^ `6�l�{R.��xaU�]hq6xd^siut�b
Rj��R.�AU���^ _a��QSR.�AU/vA��]oY/n���^ji#��©�R��AU/Y�^ ya�

klR
�AU��ZU/vA\�^ yay�Q�R
k°]hm�]oqac ^ _a`�¦�R�k°]ov�]o�6�/\feg]�^ �atlª{R�kD]hv�WZU�[���\�^ y6yl�wR/kD]hvA\Xv3]3~�]/^ yay�z;R�k°]oY�]hv�]�^ _l¦�R�kD]hY
]hv�]/^ �6t�z|R
k�Wr[Z[��/\Xn�^ `#�
��R �wR
k�WdY/��^si��wR�k°WZq�]o�6�/\�^ y6t�b�R�k���noe9^ji#��QSR ��R.k��/noew���6noY�^ _6t� "R�k���noeg�#n�Y�^ �ay���R�k�\X�(xanoY�^ �#tS�SR
k�\X~�]hqa\�^si-_�� R�k�v�]o[��d¥Av.^si#�
�{R
k°noT�]�[�v.^ ya` ��R
k°nov�]hqr^ iu� �wR
k�n�VfVXW����6noY�^ `ay klR
k°noe{U/qa]�^ yay �{R.k°noY/WdVfVX\�^ ��� ��R.k�n�q6qaWo^ i-� �{R�k�n�q6qaW�x6xa]/^ i#� ��R
k°noU/qaY/WdU/qd^ �a�

��R�k°q6\p�a[���U�v.^ `a`�¦�R�k1�6U�[��/\X¥�]/^ ya����R�k1�6U/Y/n�^ �at � R
k°U/qa\fY�\�^ �a����R.µ"voWd��]3~�]/^ y6y�klR�µ%Y���WZqa��]hU�^ _6tS��R�µ%no�ZU�e�\�^ y6y��{R
µB�#¥AY/\XY�^ �ay
��R
��]hVXVfWr[�noq��a]/^si-£ � R���]hY¹¦1Wdewnoq6x6WZV�^ _6_�QSR
��]oq6��]hY/n���^ `#�� %R���]�x�]h��]/^ `6����R.�C³]h�rÁ�U/WZ��^ji#�S}�R��:WdVfWd��^ji#�{}�R.�:WZq�]hewWZY
c(\�^ _a`

�SR��:Wd�6�Z�/qaWZew\�^ ����¦�R
�B\Xc�]hV�^ji#�S«¬R��B\fVp]/^si6iS¦�R.�%\XVX]oqd^siai�klR��%\XY/Wo^ `6t{«¬R��:noVXVXqa]hx6��^ `6`S«¬R��:noVXnoT.noU/Wd�.^ _a�{}�R.�:noVX�/\�^ ���
��R��*±U�q#xa��~�WZ\XY�^ £���R(�@]o�oY/Wdqd^ ya`�¦�R }�R
�@]o�oY/Wdqd^ _l¦�R ¨�R/��]h�oY�WZqr^ji#�lb�R/��]h��Y/WZqr^ _6y���R/��]h��Y/WZqr^ _ay�¦�R/��]hVXVXY�¥�^ ����R z|R/��]hY/�
^ji
Q�R
�@]oq6T/U�q#xanoY�^ `6`���R��@]��6[��/v�Wo^ _#t��{R/��]�x6Wdqa�d^ `#t���Rs§BR/�@Wd�#x6WZq%«#«#«¬^si#���BR����/\�xaWZ�/n�U��6Wo^ y6���{R/���/\fx6Wr�#n�Y�^ �ay�QSR ��R/��\p[�vAVfU/Y
c ^ _
 %R/��\p[�v�VXU/Y�c�^ji#��}�R/��\XVfVX\X]oeg�Z^ `6`S©�R ©�R/��\XVfVX\p]heg�Z^ ��y���R/��\fVp�6noY�^si-����R ¨�R/��\XY/Wdqd^ `6£���R(��\fx#xa\X[���^ji#�S��R/�@noVXT.WZq��Z^si-�S§BR��Ân�V��¢W�^ji#`
klR/�Âqa\X�o��xd^ `#�S¿SR��@U�^si-£���R z|R���¥AY/Y/W�^ _a£SQSR/ª�]o�o\XV�^si-���wR�ª�]heg]hewnox6n�^ ��i�b�R�ª�]heg]hn�v3]�^ ya_�klR(ª�]oew]��#��\�x�]/^ �6t�§BR�ª�]hY/�
^ �6t
µ�R �wR/ª�]oY/��^si-`�ª{Rs§BR/ª�]hY���^ _6����R z|R�ª�]hn�^ _a�S}�R ��R�ª�WZ��^si#�Sb
R(ª�no��^si#�S�wR(ª�n�q6\fxa]�^ji#`�klR/ª�n��#��\Xc/]�^ ��il}�R �BR�ª�U�^ �a£S«¬R/ª�U�^ _6�

��Rj��R.ª�U�^ i-� b
Rj§BR
ª�U/Y�^ i#� ¨�R · ]hY/WdVfVXn�^ y�i Q�R�·�]oY/W�x6x6\�^ y6� «¬R�·�]3~�^ _¬i ¿SR�·.�
]hY/�
^ _a` b
R ·��/noU�^ ya_ ]oY�cC��R�·.U�[d[��/WZVXVX\ y
Ã §����Ä§¡n�VfVp]hT.noq�]�xa\fn�Y
Å

Æ-Ç#È�É-ÊÌËpÊÌÍhÊ�ÎgÏLÐlÑ°ÒhÓZÉ#ËÌÔaÉ#Õ�Ö�Ô-×3Ø�Î6Ù�ËÌ×ÛÚ�ËpÈ�Ë¢Ô-×dÕ�Ü(×ZË Ý�Î6ËpÕ�Ü(×ZËpÞ°×dÈ|ßrßràdáhâdÕ�ã�Î�ÝAÍ�ä�å Ë¢ÔwÏLÐ¼æ.ÒhËpÈA×
çaÖ�è¢é3ÏdÈ�È/Î¼ê1×dÊÌË¢ÏdÈA×rå:ë.×rä#ÏZèu×dÊ�Ïdè#ÓZÕSÖ�è¢é3ÏZÈ�È/Î6ÕlÇ6åpå ËXÈ(ÏdËpÉwì3íaî�ï�â

ð Ç#È�É-ÊÌËpÊÌÍhÊ¡Ø�Î1ñ°ËpÉ-Ë¢Ô-×�Ø
ò Ö¡å Ê�Î6É�ó:È(Î6è¢édË�Î6É-Õ�ô�È�ËpõdÎ6è#É-ËpÊ�×dÊ�Ö�ÍhÊ�ÏdÈ(ÏdÙl×wØ�Î"ö¡×ZèuÔ#ÎaåsÏdÈ(×ZÕ°ó�÷�ídøhßrâdïrÕDö�Îaåpås×dÊ�Î6è#èu×ùÌö�×dèuÔ#ÎaåsÏdÈA×aú¬Õ�ÚdÝo×dËpÈ
û ö¡×dÓdåsÏdèüô�È�ËpõdÎ6è#É-ËpÊÌÓZÕ�ýw×rÔ#ÏZÕ9Ü/Îuþ3×dÉ,ÿrì�ÿZârø

� Ç#É-ÊÌËpÊÌÍhÊ�Ï¼ê1×��aË¢ÏdÈA×rå�Î�ØdË:ñ°ËpÉ-Ë¢Ô-×wê�Í�Ô�å�Îu×dè-Î6Õgô�È�ËpõdÎ6è#É-ËpÊÌÓ¶ÏLÐlö�ÏråsÏ-édÈ(×dÕ�Ç6÷fî(í3ß�á�ÿ�ö¡ÏdåsÏ-édÈ(×dÕ�Ç#Ê�×rå Ó
� ö�èL×dÈ(Ø�Î6ËXÉ ô�È�ËXõdÎ6è6É-ËpÊÌÓZÕ¹ýw×rå ÊXÒo×dÙ�Õ��Û×ZÉ#É6×3Ô#Ò�ÍoÉaÎ6ÊÌÊÌÉ,íZá3áhà�î

� ô�È�ËpõdÎ6è#É-ËpÊÌÓÂÏLÐ9æ�×rå Ë Ð�Ïdè#È�ËÌ×dÕ��"×dõ¬ËpÉ-Õ	�%×Zõ¬ËpÉ-Õgæ�×rå Ë Ð�Ïdè#È�ËÌ×Cârà�ì3ß3ì

 ô�È�ËXõdÎ6è6É-ËpÊÌÓ¹Ï�Ð¶æ�×rå Ë Ð�Ïdè#È�ËÌ×dÕ¡ë.ÏdÉ�Ö�Èhé�Îaå�Î6É-Õ1ë
ÏdÉSÖ�È�é�Îaå�Î6É#ÕSæ�×rå Ë ÐaÏdè6È�Ë¢×9â�íríZá�î

�Aô�È�ËpõdÎ6è#É-ËpÊÌÓCÏLÐ¶æ�×rå Ë ÐaÏdè6È�Ë¢×dÕ%Ú(×dÈ���Ë�Î¢é3ÏdÕ"ë
×�hÏdåpås×dÕSæ�×rå Ë Ð�Ïdè#È�ËÌ×,âdáoírârï
Æ��Aô�È�ËXõdÎ6è6É-ËpÊÌÓ9ÏLÐÛæ�×rå Ë ÐaÏdè6È�Ë¢×dÕ�ÚA×dÈ�Ê�×ö�×dè�ä-×dèL×dÕ%Ú(×dÈ�Ê�×ö¡×dèaä#×Zèu×dÕ{æ�×rå Ë Ð�Ïdè#È�ËÌ×¶ârïhßrí3ì

ÆuÆ Ç#È�É-ÊÌËpÊÌÍhÊ�Ï¶Ø3Îlñ°ËpÉ-Ë¢Ô-×¼Ø�Îæ�×dÈ�Ê�×3äaè6ËÌ×dÕ�æ ÚhÇZæ�÷Zô�È�ËpõdÎ6è#É-ËpÊÌÓÛÏLÐgæ�×dÈ�Ê�×3äaè#Ë¢×dÕ�ï�â�í3ídàÚ(×ZÈ�Ê�×dÈAØ�Î6è6Õ1ÚdÝo×dËpÈ
Æ�ç æ�×dè#È/Î¢édË�Î��¶ÎaåpåsÏdÈ'ô
È�ËpõdÎ6è#É#ËXÊÌÓdÕ�Ñ�ËpÊÌÊÌÉ6äaÍoèÌé�ÒhÕlÑ
Ö ßràZáoßdï

ÆLð ó�È�è#Ë¢Ô-Ï¼ñ�Î6è#Ù�Ë�Ç#È�É#ÊÌËXÊÌÍoÊ�Î6Õô�È�ËpõdÎ6è#É-ËpÊÌÓ¹ÏLÐÛæ.Ò�Ë¢Ô-×¬é3ÏdÕSæ.ÒhË¢Ô-×¬é3ÏdÕ1Ç6åpå ËpÈAÏdËpÉ{ì3í3ìZïoÿ
Æ�û hÏZËpÈ�Ê1Ç#È�É-ÊÌËpÊÌÍhÊ�ÎBÐaÏdèSê�Í�Ô�å�Î-×Zè�ã�Î6ÉaÎu×dèuÔ#Ò�ÕBã�ô
÷LßaîAßrârøhí��1Í�äaÈ(×ZÕ%ã�ÍhÉ-É-Ë¢×

Æ�� ��Í��3Î½ô�È�ËXõdÎ6è6É-ËpÊÌÓZÕ��1Íhè-Òo×dÙ�Õlê1Ïdè6ÊXÒ�æ�×dèuÏrå ËXÈ(×Cáoÿ3ÿrídø
Æ�� ñ�Î6è#Ù�Ë�ê1×dÊÌË¢ÏdÈA×rå:Ö�Ô-Ô6Îaå�Î6èL×dÊ�Ïdè�ë.×3ä-ÏdèL×dÊ�Ïdè#ÓdÕlö¡×ZÊ�×dõ¬Ë¢×dÕ"Ç6åpå ËpÈ(ÏZËpÉ�ì3írà�ß3í

Æ���ô
È�ËpõdÎ6è6É-ËpÊÌÓ@ÏLÐ{ñDåsÏdè#Ë¢Ø3×dÕ���×dËXÈ/Î6É-õ¬ËÌåpå�Î6ÕBñDåsÏdè#Ë¢Ø3×Cïráoì3ßrß
Æ�
-ë.×3ä-Ïdèu×ZÊ�Ïdè6Ë�ê"×���ËÌÏdÈ(×rå Ë¡ØdËDñ�èL×dÉ6Ô-×dÊÌËpÕ�Ç#É-ÊÌËpÊÌÍhÊ�Ï�ê"×���ËÌÏdÈ(×rå�ÎSØdËDñ°ËpÉ-Ë¢Ô-×{ê�Í�Ô�å�Îu×dè-Î6Õ�Ç6÷Lírí3íaî3îÛñ�èu×ZÉaÔ-×dÊÌËXÕ�Ç#Ê�×rå Ó

Æ��Aô�È�ËpõdÎ6è#É-ËpÊÌÓÂÏLÐ���Î6È/Î6õZ×dÕgæ���÷�ßZáoß3ß���Î6È/Î6õZ×9îoÕlÚ�Þ�ËpÊ���Î6è6ås×dÈ(Ø
ç �!�:ås×dÉ�é3ÏdÞ ô�È�ËpõdÎ6è#É-ËpÊÌÓZÕ"�:ås×dÉ�é3ÏdÞ#��ß�á�ø%$&$DÕô�È�ËXÊ�Î-Ø('"ËpÈ�é3Ø3ÏdÙ
ç6Æ)�1×dè6õZ×ZèuØ4ô�È�ËpõdÎ6è#É-ËpÊÌÓZÕgæ�×dÙ�äaè#Ë¢Ø¬é�Î6Õ��Û×dÉ-É6×3Ô#ÒhÍhÉaÎ6ÊÌÊÌÉ9íZáoßdï3ø

çuç �1Ëpõ¬ËpÉ-Ë¢ÏZÈ ÏLÐ���Ë�é�Ò,ó�È/Î6è¢édÓ¶Ñ°ÒhÓZÉ#ËÌÔaÉ#Õ��%Î�Ýo×dè#ÊÌÙ�Î6È�Ê�ÏLÐSÑDÒhÓZÉ-Ë¢ÔaÉ-Õ
ô�È�ËpõdÎ6è#É-ËpÊÌÓÛÏLÐ��"Îaå É-ËpÈ*�ZË�×dÈ(Ø+�"Îaå É#ËXÈ*�ZË�Ç#È�É-ÊÌËpÊÌÍhÊ�Î�ÏLÐBÑDÒhÓZÉ-Ë¢ÔaÉ-Õ¡ñ�Çuê1÷�í3í3írßaî�Õ,�"Îaå É-ËpÈ*�ZËpÕ:ñ°ËpÈAås×ZÈ(Ø

ç#ð ô�È�ËXõdÎ6è6É-ËpÊÌÓ�ÏLÐgÇ6åpå ËXÈ(ÏdËpÉ-Õ9ô�èaä#×ZÈ(×dÕ�Ç6åpå ËpÈ(ÏZËpÉì3ßdø�í3ß
çLû Ü
Ò�Î�hÏ�Ò�È�É+�1Ï6Ý-�ZËpÈ�É�ô
È�ËpõdÎ6è#É#ËXÊÌÓdÕBö�×rå ÊÌËpÙ�ÏZè-Î6Õ	�Û×Zè6Ódås×dÈ(Ø,áoßZáhßdø

ç � Ç#È�É-ÊÌËpÊÌÍhÊ�Ð/.Íhè%ó�þ6Ý�Î6è6ËpÙ�Î6È�Ê�Îaåpå�Î�'�Î6è6ÈdÝ�ÒhÓZÉ-Ë��ZÕwô�È�ËpõdÎ6è#É-ËpÊ!.×dÊ,'B×Zèaå É-è#Í�Ò�Î6ÕBÿrì3ßZá3ø"'B×Zèaå É-è#Í�Ò�Î6Õ���Î6è#Ù�×dÈ�Ó



0
ç � ��Ë�é�Ò¼ó:È(Î6è¢édÓgÖ�Ô-Ô#Îaå�Î6èu×dÊ�Ïdè�ã�Î6ÉaÎu×dèLÔ#Ò21�è¢é3×ZÈ�Ë3�¬×dÊÌË¢ÏZÈüù4'�ó5'�ú¬Õ�Ü�É-Í6�ZÍ�ä#×ZÕ�Çaä#×Zèu×7�ZË�ïhíràdÕ8h×#Ýo×dÈ

ç9� æ°Î6È�Ê�Î6è"ÐaÏdè:��Ë�é�Ò9ó:È(Î6è¢édÓÛÑ°ÒhÓZÉ#ËÌÔaÉ�;�'"ÓZÍhÈhé6ÝoÏ¬Ï7�Ûê"×dÊÌËÌÏdÈ(×rå�ô�È�ËpõdÎ6è#É-ËpÊÌÓdÕ
ÜA×�Î¢édÍ½ÿríZá�÷Lÿrí3ß�Õ	'BÏdèuÎ-×=<SÚ(ÎuÏdÍoå:ê1×dÊÌË¢ÏdÈA×rå�ô
È�ËpõdÎ6è6É-ËpÊÌÓZÕlÚ(Î-ÏZÍ�å�ßrà�ßZ÷uÿ6îoá3Õ
'%Ïdè-Îu×><�×dÈ(Ø9Ú�ÍoÈ�é7'"ÓZÍoÈ?'"Þ°×dÈ'ô
È�ËpõdÎ6è6É-ËpÊÌÓZÕlÚ�ÍoÞ°ÏdÈCîrî(íd÷Lÿ6î(ìZÕ�'BÏZè-Îu×

ç)
#ó�è#È/Î6É-Ê@1�è6ås×dÈ(Ø3Ï�ë.×dÞ�è-Î6ÈAÔ#Î{ö¡Î6è��3Îaå�Î6Ówê1×dÊÌË¢ÏdÈA×rå�ë.×3ä-ÏdèL×dÊ�Ïdè#ÓdÕ1ö�Î6è��3Îaå�Î6ÓdÕ�æ�×då Ë Ð�Ïdè#È�Ë¢×¼â�î(ÿ�áoí
ç)� ô�È�ËpõdÎ6è#É-ËpÊÌÓÂÏLÐ�ë�ËXõdÎ6è�ÝoÏ¬Ïrå Õ"ë�ËpõdÎ6è�ÝoÏ¬Ïrå:ë°ìrâÂÿ7AAó:Õ¼ô�È�ËpÊ�ÎuØ('"ËpÈhé3ØrÏdÙ

ð���ô
È�ËpõdÎ6è6É-ËpÊÌÓ@æ�Ïråpå�Î¢é�Î{ë
ÏdÈ(Ø3ÏZÈ�Õ"ë
ÏdÈ(Ø3ÏZÈ�ýÛæ°ß�óOì¬ö%Ü�Õgô�È�ËpÊ�ÎuØ�'"ËpÈ�é3Ø3ÏdÙ
ð-Æræ°Î6È�ÊÌèuÏØ�ÎBÇ#È�õdÎ6É-ÊÌË�é3×3ÔaË¢ÏZÈ/Î6ÉBó�È/Î6è¢é�Î6ÊÌËÌÔ#×ZÉ��¶ÎuØdË¢Ï¬×dÙläaË�Î6È�Ê�×rå�Î6É�Ó,Ü/ÎuÔaÈ(ÏråsÏ-édËÌÔ#×ZÉ#Õ�ó:÷�á�ø�íaî(í��×3Ødè#Ë¢ØdÕ�ÚrÝo×dËXÈ

ð�ç �Û×dÉ-É6×3Ô#ÒhÍhÉaÎ6ÊÌÊÌÉ�Ç#È�É-ÊÌËpÊÌÍhÊ�ÎÏ�Ð¶Ü/ÎuÔ#ÒhÈ(ÏdåsÏ-édÓdÕ{æ�×dÙ�äaè#Ë¢Ø¬é�Î6Õ&�Û×dÉ-É6×3Ô#ÒhÍhÉaÎ6ÊÌÊÌÉÛíZáoßZï�â
ðuð6Ç#È�É-ÊÌËpÊÌÍhÊ�Î¶Ï�Ð{Ñ�×dè#ÊÌË¢Ô�å�Î�Ñ°ÒhÓZÉ-Ë¢ÔaÉ9;��ÛÔ!��ËÌåpå�ô�È�ËpõdÎ6è#É-ËpÊÌÓZÕ	�ÛÏdÈ�ÊÌè�BÎ�×rå Õ

æ�×ZÈ(×3Ø3×C��ïZÖ*á(Ü ø!<l×dÈ(Øüô�È�ËpõdÎ6è#É-ËpÊÌÓ,Ï�Ð¶Ü(ÏdèLÏdÈ�Ê�ÏdÕ{Ü(ÏdèLÏdÈ�Ê�ÏZÕ�æ�×dÈA×3Ø3×C�ÛàdÚ|ß¬Ö%ÿ
ð�û�ô�È�ËXõdÎ6è6É-ËpÊÌÓÂÏLÐ+�¼Ë¢Ô#ÒhËsé3×dÈ�Õ�Ö�È�È|Ö�èaä-Ïdè#Õ@�gË¢Ô#ÒhË�é3×dÈÂî�ø�ß3írâ

ð�� �¼Ë¢Ô#Ò�Ë�é3×dÈ|Ú�Ê�×ZÊ�Î ô
È�ËpõdÎ6è#É#ËXÊÌÓdÕBó�×dÉ-Ê"ë.×ZÈ�É-ËpÈhédÕ��¼Ë¢Ô#ÒhË�é3×ZÈ@î�ø3ørá�î
ð��6Ç#È�É-ÊÌËpÊÌÍhÊÌË¢ÏdÈ�Ð�Ïdè¼Ü
Ò�ÎuÏdèuÎ6ÊÌË¢Ô-×rå�×dÈ(Ø�ó°þ6Ý�Î6è#ËpÙ�Î6È�Ê�×rå�Ñ°ÒhÓZÉ#ËÌÔaÉ#Õ�ÇdÜ�ó°Ñ�ÕD�ÛÏdÉ6Ô-ÏdÞ ß3ß�ÿ�áhàrâdÕ¡ã�ÍhÉ-É-Ë¢×

ð)� ô�È�ËXõdÎ6è6É-ËpÊÌÓÂÏLÐ{ê"Î6ÞE�¶ÎuþdË¢Ô-ÏdÕ%Ö¡åsäaÍ%FaÍ�Î6è�FaÍAÎ6Õ�ê"Î6ÞE�ÛÎuþdË¢Ô-ÏCøoÿdßdïhß
ð�
aê"ÏZè6ÊXÒhÞDÎ6É-Ê�Î6è#È ô
È�ËpõdÎ6è#É#ËXÊÌÓdÕló:õZ×ZÈ�É-Ê�ÏdÈ�Õ�Ç6åpå ËpÈAÏdËpÉgì3íZáoídø
ð��hÜ
Ò�ÎG1�ÒhË¢Ï,Ú�Ê�×dÊ�Î½ô�È�ËpõdÎ6è#É-ËpÊÌÓZÕæ�Ïdå ÍoÙläaÍhÉ#Õ"1�ÒhË¢Ï¶î�ïráoß3í
û9� 15�r×dÓr×dÙ�× ô
È�ËpõdÎ6è6É-ËpÊÌÓZÕC15�r×dÓr×dÙ�×�ÿrí3íd÷�ø�àrïhí�Õ�h×6Ýo×dÈ

ûaÆ61�É6×7�r×üæ ËXÊÌÓ4ô�È�ËpõdÎ6è#É-ËpÊÌÓZÕ�1�É6×7�r×|àdø3ørÕ�h×#Ýo×dÈ
û-ç�ô
È�ËpõdÎ6è6É-ËpÊÌÓCÏ�Ð�1�þLÐaÏdèuØdÕ+1�þLÐ�ÏdèLØ21IHBß9ïZãJ��ÕÛô�È�ËXÊ�Î-Ø('"ËpÈ�é3Ø3ÏdÙ
û6ð ô�È�ËpõdÎ6è#É-ËpÊÌÓCÏLÐSÑ�×rØ3ÏdõZ×dÕBÇ#É-ÊÌËpÊÌÍhÊ�Ï9ê"×��aË¢ÏZÈ(×rå�Î¼ØdË�ñ°ËpÉ-Ë¢Ô-×Ûê�Í�Ô�å�Îu×dè-Î6Õ

Ú/Î��aË¢ÏdÈ(Î9ØdË"Ñ�×3Ø3ÏZõZ×r÷6Ü�è-Î6È�Ê�ÏZÕSÇ6÷�ï�à�ßdïhß,Ñ�×3Ø3ÏZõZ×dÕlÇ#Ê�×rå Ó
ûuû¬ë.Ñ°ê,��ó:Õ�ô�È�ËpõdÎ6è#É-ËpÊ�Î�Ñ�Ë�Î6è#è-Î{Î6ÊK�Û×dè#Ë�Îwæ Íhè6Ë�ÎMLhÇuê�áZÑ:ï3÷-æ.ê¡ã¡Ú�Õ{ôN�wã"ÿdàrø�àZÕ:Ñ�×dè#ËpÉ-Õ:ñD÷LÿdàdáhàZá¼ñ�èL×dÈ(Ô#Î

û9��ô�È�ËXõdÎ6è6É-ËpÊÌÓCÏLÐSÑ�Î6È�È�É#Ódå õZ×dÈ�Ë¢×dÕ%Ñ°ÒhËÌås×3Ø3Îaå Ý�ÒhË¢×dÕ�Ñ�Î6È�È�É-Ódå õZ×dÈ�ËÌ×@ßrâ3ß3íaî
û9� Ç#É-ÊÌËpÊÌÍhÊ�Ï¶ê"×���ËÌÏdÈ(×rå�Î¼ØdË�ñ°ËpÉ-Ë¢Ô-×ê�Í�Ô�å�Îu×dèuÎ�Ñ�ËpÉ6×dÕô
È�ËpõdÎ6è6É-ËpÊÌË¢Î6É¼ÏLÐ�Ñ�ËpÉ6×dÕ

Ú�Ë�Î6ÈA×Â×dÈAØCÚAÔaÍ�Ïdås×9ê1Ïdè#Ù�×rå�ÎgÚ�Í�Ý�Î6è6ËÌÏdè-Î6ÕlÇ6÷�à�ì3ßZá�ÿÑ:ËXÉa×ZÕBÇ#Ê�×rå Ó
û���ô�È�ËpõdÎ6è#É-ËpÊÌÓÂÏLÐSÑ:ËXÊÌÊÌÉaäaÍhèÌé�ÒhÕ�Ñ:ËpÊÌÊÌÉ6äaÍhè¢é�Ò�ÕlÑ�Î6È�È�É-Órå õZ×dÈ�Ë¢×�ßdàdáoì3í

û 
-Ñ:ÍhèuØZÍAÎ½ô�È�ËXõdÎ6è6É-ËpÊÌÓZÕ¹ýgÎ6É-ÊBë.×LÐa×dÓ�Î6ÊÌÊ�Î6Õ�Ç#È(ØZË¢×dÈ(×î/ÿdâ3í�ÿ
û � ô�È�ËpõdÎ6è#É-ËpÊÌÓ@ÏLÐwã:Ï¬Ô#Ò�Î6É-Ê�Î6è#Õ�ã:Ï¬Ô#Ò�Î6É-Ê�Î6è6Õ�ê"Î6ÞPO(ÏZè��@ß6î(ìZá�ÿ

����Ü
Ò�Î�ã�Ï¬Ô)�3ÎpÐ�Îaåpå�Î6è|ô
È�ËpõdÎ6è#É#ËXÊÌÓdÕ�ê"Î6ÞQOAÏdè��ZÕ�ê%Î6ÞQOAÏdè��@ß3íríZáoß
�uÆ6Ç#É-ÊÌËpÊÌÍhÊ�Ï¶ê"×���ËÌÏdÈ(×rå�ÎØdË�ñ°ËpÉ-Ë¢Ô-×¶ê�Í�Ô�å�Îu×dè-Î6Õ�Ú(Î���ËÌÏdÈ/ÎØdË�ã�ÏdÙl×@ß�Õ
ô�È�ËpõdÎ6è#É-ËpÊÌÓÂÏLÐ{ã�ÏdÙ�ÎSRXë.×,Ú(×#ÝAË�Î6È?�¬×dÕ�TgÇ6÷�í3í3ßdø�à9ã�ÏZÙ�×dÕ�Ç#Ê�×rå Ó
��ç¬ã�ÍhÊfé�Î6è6É;ô�È�ËpõdÎ6è#É-ËpÊÌÓdÕ�Ñ�ËpÉ6Ô-×dÊ�×dÞ°×dÓZÕ�ê"Î6ÞUoÎ6è#É�Î6Ó|ídø3ø�àrà

�Lð Ü/Îuþ3×dÉ�Ö�VD� ô�È�ËXõdÎ6è6É-ËpÊÌÓZÕgæ�Ïråpå�Î¢é�ÎÚ�Ê�×dÊÌË¢ÏdÈ�Õ¼Ü/Îuþ3×dÉ9ÿ3ÿZø¬î�ï
��û¬Ç#É-ÊÌËpÊÌÍhÊ�Ïê1×��aË¢ÏdÈA×rå�ÎgØdË�ñ°ËpÉ-Ë¢Ô-×¼ê�Í�Ô�å�Î-×Zè-Î6Õô
È�ËpõdÎ6è6É-ËpÊÌÓ9ÏLÐ¶Ü�è#Ë�Î6É-Ê�ÎML�ô�ØZËpÈ/Î6Õ�Ç#Ê�×rå Ó

��� ô
È�ËpõdÎ6è#É#ËXÊÌÓ�ÏLÐ¹Ü�É-Í6�ZÍ�ä-×dÕÜ�É-Í6�ZÍ�ä#×ZÕ�Çaä-×dèL×7�ZËlï�íràdÕWh×6Ýo×dÈ
���rÜ�Í6Ð6ÊÌÉ;ô
È�ËpõdÎ6è6É-ËpÊÌÓZÕ��¶ÎuØLÐ�ÏdèLØdÕ@�Û×dÉ-É6×3Ô#ÒhÍhÉaÎ6ÊÌÊÌÉ¹íZáoßdà3à

��� ý�×dÉaÎuØ3× ô
È�ËpõdÎ6è#É#ËXÊÌÓdÕ¶Ü(Ï7�ZÓrÏ½ßrìrâdÕ�h×#Ýo×dÈ
��
Aý�×dÓZÈ/ÎÚ�Ê�×dÊ�Îüô
È�ËpõdÎ6è6É-ËpÊÌÓZÕ��BÎ6ÊÌèLÏdËpÊÌÕ��¼Ë¢Ô#ÒhËsé3×dÈ�î�øráoí3ß

���Aô�È�ËpõdÎ6è#É-ËpÊÌÓ�Ï�Ð;ýSËpÉ6Ô-ÏdÈ�É-ËpÈ�Õ��Û×3ØdËpÉ6ÏdÈ�Õ,ý{ËXÉaÔ-ÏdÈ�É-ËpÈ½àrïoÿrí3ì
��� O(×då�Î ô
È�ËpõdÎ6è#É#ËXÊÌÓdÕ�ê%Î6ÞX�1×dõdÎ6È�Õæ�ÏZÈ�È/ÎuÔaÊÌË¢ÔaÍhÊ�í3ìràZáoí

Y(Z\[-]�Z�^�Z9_?`a`�b-ZD]�Z�^�c%de`�^af>g/h&^�Z�h7]�i b	g4f>]Djlk-mNf!^�f!_�n-Z�i�h�o*pq_%r&`�f&Z9d3Z9i9`�]�f!_*st_-Z�c-`�]�pq_-f&[uh=pq]�^vpq_&w5xw�i9f!dqdqp3^�pqf>_%^
h=`5h&i�Z�_�`�Z9]�syf>g�syzWh>^�^aZ�_%Z ]�r>o	f>g|{!} ~>����Z��	�!c%^�pq_%r8h8n-h=`)h�^�h=z@[%dqZJi�f>]�]�Z9^�[Nf!_un*pq_%r&`�f��=�6�&[%m����vf>g�pq_�`�Z�r=])h=`�Z�n
d3c-z@pq_%f!^�pe`to�i9f!dqdqZ�i9`�Z�n�m�o�`�b%Z����8�����8n*Z9`�Z�i9`�f=]�h7`��-Z9]�z@pqd�h=m�}�Y�Z@f>m%^�Z9]��6ZW_-f�Z��?p3n-Z�_-i�Z�g4f=]	`�b-p3^	n-Z9i�h�o
z@f?n-Z5h>_un�^�Z9`adqpqz@pe`�^If!_�`�b%Z5[-]�f?n-c-i9`�pqf!_�i9]�f!^�^|^�Z9i9`�pqf!_	`�pqz@Z�^�m-])h>_-i b-pq_%rJg�])h>i `�p3f>_��6h>^�^�c%z@pq_-r,`�b%Zv_%Z9c-`�]�pq_%f>^
g�]�f!z�j k mNf!^�f>_Wn-Z�i�h�o*^|`�f8mNZ\dqp3r>b�`�}|�tgN��Z,h=^�^�c%z@ZD`�b-Z\zWh>_%peg�Z�^�`vd3Z g�`�s�]�pqr!b�`�^�o*z@z@Z9`�]�pqiDz@f?n*Z�d��!��ZKZ �-i9d3c%n-Z
h@jlk/mNf!^�f!_:�Jpq`�b+zWh>^�^\dqZ�^�^J`�buh>_��>�>�W��Z��/� ���8h7`K`�b-Z8~6�> Xi�f!_*¡Nn*Z�_%i�Z8dqZ��!Z�d�}

¢-£5¤a¥�¦=§6¨,©*ª�«t¬ |®)¯!° ±�²!° ¤I¦%³u®)´!° µ�¶!° ·a¨�³-®�¸6° ¹�²!° ¢/º

Q"Vfx6�/n�U/�o�wxan�c/]�xaW%]hVXV�c/]hxa]�]oq6W1[�n�Y��6\X�#x6WdY�x¡~1\�xa�wx6�/W%�#xa]oY(�
c/]oqac,ewn(c(WdVDno����]oq#xa\X[ZVfW{�/�A¥A�6\p[Z�d^
xa�/W�e�n(c(WdV°\p��Y/nhx�][Znoe��
�/VXW�xaW�x6��WZnoqa¥oR°�/noq°W�À/]hew�/VXWo^r\fxDc(nAWd��Y/nhx°W�À(�/Vp]h\XYlx6�/W¡Y�U�eST.WZq
nh�.VfWd�(x6n�Yg]hY�c�Á�U�]hqav��oWdY/WZq�]�xa\fn�Y���Y�noq�x6��WZ\Xq:ew]��6�D�/\XWZq�]hq�[��A¥oR
z¹]oY�¥¹x6�/Wdnoqa\fWr�B�
]3�oW�T
WdWZY��/qano�.n��6Wdc,xan,]oc/c(qaWd�a�Bx6�/Wr�#W¼c/W��
²
[Z\fWdY�[�\XWd�Bnh��x6��W��#xa]oY�c/]hq�c¶ewnAc/WZV�R��An�e�W{nh��x6��Wd�6W�x6��WZnoqa\XWd�
[�n�Y�xa]h\XY���]oU/�oW¡�#¥AewewW�x6qa\XWd� xa��]�x�[Z]oY�T
W��#�.noY�x�]hY/WdnoU��6Vf¥�T/qanh�
voWdY�c/n�~1YSxanBxa�/W1VXW��Ìx#�Lqa\f����x��6¥Ae�ewWZx6qa¥C»3¼=½(�¢Wd]hx6U/qa\fY��l]�qa\f����x#�
��]oY�c(Wdc4�(µ Ã ¾ ÅÛ�#¥AewewW�x6qa¥ ]hY�c [Znoqaq6Wr�#�.noY
c(\fY��;]oc/c(\fx6\XnoY
]hV
��]oU/�oW,T.n��6noY
�Z^1\XY�[�VXU�c(\XY/�ü];qa\f����x6���
]hY�c(Wrc [���]hqa�oWrc½��Wd]3�A¥

��Wd[�x6noq�T.n��6noY�^(��WZY/Wdq6\p[Z]oVfVX¥gvAY/n�~1Y9]o�1]"¾À¿ T.n��6noYÁ» ¾ ^ 0 ½LR
��qaWZ�A\XnoU�� c/\fqaWd[�x��#Wr]hq�[��/Wd�.�¢n�q�]�Y/WZ~|[���]oq6��WdcB�/Wd]3�A¥"��Wd[�x6noq

T.n��6noY9��]3��W��#WZx%ewnAc/WZVf�Lc(Wd�
WdY�c(WdY�xBVf\Xew\�x��"noY¶xa�/WS[�qan��a�1�6Wd[¬�
xa\fn�Y@x6\Xe�Wr�lT/q�]hY�[��/\XY/�¶�¢q�]o[¬xa\fn�Y�R¼�AWd]oqa[���Wd�l[�n�Y��#\pc(Wdq6\XY/�¶x6�/W
c/Wd[Z]3¥,ewn(c(W�¾À¿\ÂÄÃ�Å?ÆS]hY�cÁ¾À¿\ÂÈÇvÅ�ÉC��]3�oW�W�À/[ZVfU�c/Wdc@]
¾ ¿ T.n��6noY{~1\�xa�{]Bew]��6�DT.WZVXn�~lÊ?Ë?ÌB]hY
c�Í*Í-ÎB}�Wd�|Ï7Ð _ ^hqaWd�6�.Wd[¬�
xa\f��WZVX¥o^(]�x¡x6�/W@Ñ%Ë-ÒO[�n�Y(²
c(WdY�[�WBVfWd�oWZV Ã §�¨DÅ�» Ì/^�Ë�½�R:Q%�a�6U/ew\fY/�
xa�/W�U/Y�\f��WZq��6]oVf\fx-¥¼nh�:VXWZ�(xanoY(��¾ ¿ T.n��6noY,[�n�U/�/VX\fY����d^�]C¾ ¿ T.nh�
�6noYÛ~1\�xa�,]{eg]��6��T.WZVXn�~ÀÊ�Ó-Í{}�Wd�aÏ7Ð�_���]o��T.WZWdYÛWZÀ/[�VXU�c(Wdc¶]�x
xa�/W	Ñ%Ë-Ò §�¨¹TA¥g[�n�eST/\XY/\XY/��xa�/W%VX\Xe�\fxa��no��T
nox6�VXWZ�/x6noY�\X[Bc(W��



Ì

[Z]3¥¶ewn(c(Wd�+» Ì*½�RlQ"Vp�6n�^�]�6Wd]hq�[��¹[�n�Y��6\Xc(Wdq6\XY/�¼]Ûc(Wd[d]3¥Ûewn(c(W
¾À¿�ÂÕÔ)Ö×1��]o�¡W�À/[�VXU�c(Wrc¼]�x¡x6�/W�Ñ-Ë%Ò*§�¨Â]�¾À¿.T
n��#n�Yg~1\�xa�Û]
eg]o�a��T
WdVfn�~ØÍ%Ê�Î¶}�WZ�vÏ�ÐZ_S�¢n�qle�n(c(WdVX�l~1\fx6��]¶q6\X�o��x6����]oY�c(Wrc
Y/WdU(x6qa\fY�nBxa��]�x�\p�:�/Wr]3�A\fWdq°xa��]hYg]W¾À¿(T.n��6noY�» Í6½�R:k��/Wr�#W�eg]o�a�
VX\few\fxa��]oVfV�]��6�6U/ewW�x6�/W%ew]oY/\f�¢Wd�#x�VfWZ�Ìx#�Lq6\X�o��x��#¥AewewW�xaq6¥�^o~1�/Wdq6W
x6��W¶qa\X�o��x#�L��]hY
c(Wdc §���z eg]�xaq6\fÀ ]hY
c;xa�/W9��]hU��oW9[�noU��/Vf\XY/�
[�n�Y��#xa]hY�x¡]oq6W%\Xc(WdY�x6\p[Z]hV�x6nSx6�/n��#W"no� x6�/W��-x�]hY�c�]hq�cwe�n(c(WdV�»eÊ>½LR
«uY�c(\XqaWd[¬x��6Wd]hq�[��/Wr�"��]3��W{�6W�xle�n(c(WdV�\fY�c/WZ�.WZY�c(WdY�xleg]��6�BVf\Xe��
\fxa��~1\fx6�gVXWd�a���6WZY��6\fx6\X��\fx-¥{�#x6U
c(¥A\fY/�
^h�¢n�q�W�À/]hew�/VXWo^ox6�/W"z¹\X[��/WdV
�6�
Wr[¬x6qaU/e \fY9�.noVp]hqa\f�dWdc¼e{U/noY,c(Wr[Z]3¥�» Ó�½LR
«uY9x6�/\p�%qaWZ�.noq6xd^�~¡W���q6Wr�#WdY�x1xa�/WSqaWd�6U/Vfxa�1no��]¼�#Wr]hq�[���¢n�qB]

¾À¿
T
n��#n�Y�\XYgxa�/W	Ã�Å?Æ�c(Wr[Z]3¥�e�n(c(W:» Ñ?½�R��@W"U��6W%]�c/]hxa]��a]he��
�/VXW�~1\fx6�¹]hY,\XY�x6Wd�oq�]�x6Wrc¶VfU/ew\XY/n��6\fx-¥nh� ¾ Î-Ë��/T|Ù�i�nh�|Ú ÖÚ¹[�noVf�
VX\X�6\fn�Y��1]�x�Û Ü�ÝU¼-Þ Ñ-Íwk�Wd��q6Wr[�noq�c(WrcTA¥¼xa�/W�U/�/��qa]�c(Wdc,§¡noVf�
VX\Xc(Wdq{�BW�xaWd[¬xanoqS]hx{�/Wdq6ew\XVX]oT Ã §���� «#«#Å�c(U�q6\XY/� ¾ Î*Î ¾6ß(¾ Î*Î 0 R
k��/\p���#Wr]hq�[��¹\p�BT
]o�6Wdc¹n�YÂ]oY@]oY�]hVX¥(�#\p�%no���/\X�o�@eg]o�a��Ã�Å Æ ²/�
Y�]oV/�-x�]�x6W"[d]hY�c/\Xc/]hx6Wr�:]hY�c�]o�a�#U�e�Wr�Dx6�/W�Y/WdU(x6qa\XY/nl�¢q6n�e']@¾ ¿
T.n��6noY9c(Wd[d]3¥gx6nwT.W�Vf\X�o��x%]hY
cÛ�#xa]oT/VfW�R
«uYSxa�/\X���#Wr]hq�[���^�~¡W��6WZVXWd[¬x:Wd�oWZY�x��Dx6��]hx:]oq6W�[�n�Y��6\X�#x6WdY�x:~1\fx6�

x6��W��/q6n(c(U
[¬x6\XnoY¶nh�°x6�/W��#xa]oY�c/]oqace�n(c(WdVv¾ T.n��6noY�¢noVXVfn�~�Wdc
TA¥\fxa�"c/Wd[Z]3¥¼x6n¼]hY�Ã�Å Æ ²�Y�]oV��-x�]�xaW�]hY�c9]hYA¥¼��Wd]3�A\fWdq1noT(¤-Wr[¬x
x6�
]�x�c(Wd[d]3¥(�%\XY¹xa�/Wg�6]oe�W�eg]hY/Y�WZqrR��ÂWg�6W�x�]VX\few\fx�noY¹xa�/W
�/qan(c(U�[¬xa\fn�YÂ]oY�c¹c(Wr[Z]3¥9nh��xa�/W��/Wd]3�A\XWZq�noT(¤-Wr[¬xa�BY/n�q6eg]hVX\X�ZWdc
TA¥�x6��W1noT��6WZqa�oWrc�q�]�x6W�no�
� T
n��#n�Y��Dx6n�x6��\X��²
Y�]hV/�#xa]hx6WoR�k��/\p�
x6Wr[��/Y/\pÁ�U/W¡]oVfVXn�~"� U���x6n�]3�ono\pc�U/Y�[ZWZq6xa]h\XY�x6\XWd�°]o�a�#n([�\p]�xaWdcl~1\fx6�
x6��W¼ewWd]o�6U/qaWZewWZY�xSno��x6�/W]oT��6noVXU(x6W¼[Zq6n��6���6Wd[�x6\XnoY�noq{Vf\Xew\�xrR
k��/\p��VX\Xe�\fx¡n�Ygx6��W%q�]�x6WB[Z]hYT
W�]h�/�/VX\XWdcwxanS]hYA¥��/q6n([ZWd�a�:x6�
]�x
¥A\fWdVXc��"]hY�Ã�Å Æ ²�Y�]oV��-x�]�xaW�]hY�c¶��]��"�#\Xew\fVp]hq1vA\XY/WZeg]hx6\p[l�/q6n��(�
WZq6x6\XWd�dR��@Wlx6�/WdY9U��#Wlxa�/W�VX\few\fxa�1n�Y¶x6�/W�q�]�xaWd��x6n¼�6W�x%]wVX\Xe�\fx
noY�xa�/W1eg]o�a�:nh�.x6�/W�¾À¿(T
n��#n�Y�^�]��6�6U/ew\XY/��x6�/W"eg]oY/\��¢Wr�-x�VXW��Ìx6�
qa\f����x"�6¥Ae�ewWZx6qa\X[lewn(c(WZV°]hY�c9]w�#U��/�/qaWd�a�#\XnoY¶nh�:c(\XT
n��#n�Y9c/W��
[Z]3¥�[���]oY/Y/WZVp�dRCk��/W9§���� «#«Sc/W�x6Wr[¬xanoqS\p��c(Wd�a[�qa\fT.Wdc�\XY½c/W��
xa]o\fV�WdVX�6WZ~1�/Wdq6W�»3¼!Î6½LR|�ÂW9U��6W¶]Â[�nAnoq�c(\XY�]�xaWÛ�6¥(�-xaWZe?~1�/Wdq6W
à \p�gxa�/WC�.noVp]hq¶]hY/��VfW,xan|x6��WC�/qanhxanoY�T.Wd]he9^	á4\p�gxa�/WÂ]o���
\XeSU(xa��]hV�]hY/��VfWÛ]hT.noU(x{x6�/WÛT
Wr]he?]�À(\p�Z^�]hY�c2â@\p�Sx6�/WÛ���#WdU(�
c(n�qa]o�/\Xc/\�x-¥�c(W�²
Y/Wdc;]���ã9VXY Ã x�]hY Ã à Ï ¾ Å#Å¬R@k��/WÛc/W�x6Wr[¬xanoqS�
]o�
]¶[���]hqa�oWrc¹��]oq#xa\X[ZVfW{x6q�]o[�vA\XY/�Û�6¥(�-xaWZe \Xewe�Wdqa�6WdcC\fY�]�¼oR Ìh�uk
�6noVXWZY/n�\Xc/]oV(eg]h�oY�W�x6\p[�²�WdVXcw[Zn�]�À(\p]hV/~1\fx6�wxa�/W"�/qanhxanoYg]hY
c�]oY(�
x6\X�/qanhxanoY�T.Wd]oew�dR°k���W�x6q�]o[�vA\XY/�%�6¥(�-xaWZe [�noY
�#\p�-x���no��]hY�n��
WdY(�
[�WdVfV�c(qa\��Ìxl[���]he{T
WdqB�6U/qaq6n�U/Y�c(\XY/�]Û�#\XVf\p[�n�Y9x6q�]o[�vA\XY/��6¥A�#x6Wde
x6�
]�x"ewWd]��#U/qaWd����]oq#xa\X[ZVfWlewnoewWdY�xaU/e9R�k��/W�WZVXWd[�x6qanoeg]h��Y/W�xa\X[
]hY
c9��]oc(qanoY�\X[l[Z]oVfn�q6\XewW�xaWZq��1�#U/qaqanoU/Y�c/\fY/�wxa�/W�xaqa]�[�v�\XY/�g�6¥A�#�
x6Wde ewWd]��#U/qaW¼xa�/W¶WZY/Wdq6��¥@no�B��]oq#xa\X[ZVfWr��xa��]�xw\XY�xaWZq�]o[�x�WdVfWr[¬�
x6qanoeg]o�oY/WZx6\p[Z]hVXVX¥¶n�q���]oc/q6n�Y/\X[d]hVXVf¥�RSk��/Wr�#Wg[Z]oVfn�q6\XewW�xaWZq��B]oq6W
�6WZ�oewWdY�xaWdc½\fY�]��/qanh¤-Wr[¬xa\f��Wxan�~¡Wdqg�oWZn�ewW�x6qa¥;]hY
cüc/\f�A\pc(Wdc
\XY�xan¶[ZWZY�x6q�]hV�[Z]oVfn�q6\XewW�xaWZq��B[Zn��oWZqa\XY/�åä â|äaæ#¼*Þ�¼{]hY
c,�¢noqa~�]hq�c
[Z]oVfn�q6\XewW�xaWZq��B[Zn��oWZqa\XY/�å¼-Þ ¾ æçä âaä5æ 0 Þ Í�R�Q%Y@WdVfWr[¬xaq6n�YÂ[Z]oY(�
c(\pc/]�xaWC\p�¶\Xc(WdY�x6\f²�Wdc�T�¥�]oY WZY/Wdq6��¥üc/WZ�.n��6\�x9~1\�xa�4];x6q�]o[�v
�.no\XY�xa\fY��xanÛ\fx�\fYÂx6�/W�WZVXWd[�x6qanoeg]h��Y/W�xa\X[{[Z]oVfn�q6\XewW�x6WdqdR�Q*�6W�x
nh�%[��
]hqa�oWdc��
]hq6x6\p[�VXWÛc(WZx6Wd[�x6n�qa���#U�q6qanoU/Y
c(\fY��,x6�/W9[Z]oVfn�q6\XewW��
x6Wdqa��\p�1U��6Wdcx6ng\pc(WdY�xa\��¢¥ÛeSU/n�Y¶[d]hY�c/\Xc/]hx6Wr��~1\�xa��ä âaäNæ�¼*Þ Î/R
§�]hY�c(\pc/]hx6W�Wd�oWZY�x���]hqaW�\pc(WZY�xa\�²�Wrc�TA¥�x6�/W1§��B�Ûx6qa\X�o�oWdq��6¥A�#�

x6Wde qaWdÁ�U/\Xq6\XY/��]�x1VfWr]o�#x1noY/WlWZVXWd[�x6qanoY¶[Z]hY
c(\Xc�]�x6Wl\XYxa�/W�[�WdY(�
x6q�]hV¡WZVXWd[�x6qanoeg]h��Y/W�xa\X[¼[d]hVXnoqa\fewWZx6WZqS~1\�xa�|x6q�]hY��6�oWdqa�6WgWZY�WZqa�o¥
è�é�ê ¼>Ów}�WZ� ]hY�cÛ]Seg]hxa[��/\XY/�{x6q�]o[�vw~1\�xa�xaqa]oY��6�oWZq��6W"ewnh�
ewWZY�x6U�eëÚ éQê Ñ;}�WZ�vÏ�Ð�^�~1�/Wdq6W è�é ]hY
cåÚ é ]hqaW,WZY�WZqa�o¥
]hY
c;ewnoewWZY�xaU/e ewWd]��#U/qaWdc|x6q�]hY��6�oWdqa�6W¼xanCxa�/W9T
Wr]he?VX\fY/W�^
qaWd�6�
Wr[¬x6\X�oWdVf¥�R¹Q"Y ]�c/c(\fx6\XnoY�]oV�xaq6\X�o��WZq�~1\fx6� è é ê Ê�ÎÂ}�WZ�

]oY�c9Y/nÛq6Wr�-xaq6\p[¬xa\fn�Y¶n�Y,x6��W{]hewn�U/Y�x%nh��WdY/WZqa�o¥ÛVfWr]hv�]h��W�\fY�x6n
xa�/W%�
]oc(qanoY/\p[1[Z]oVfn�q6\XewW�xaWZq�\p��U
�#Wrc�x6nSWdY��6U/q6W%�/\f���gW�´¼[�\XWZY
[�¥
�¢n�q��/\X�o� è é WZVXWd[�x6qanoY��dRD�(U/T��6WdÁ�U/WZY�xaVf¥�^�~�W"qaW�²�Y/W"x6�/W�[Z]hY
c(\��
c�]�x6Wg�a]hew�/VXWg]��Ìx6Wdql�¢U/VXV�WZ��WZY�x�q6Wr[�noY
�-xaq6U�[�x6\XnoYÂT�¥Cq6WrÁ�U�\fqa\fY��
]oYÂWdVfWr[¬xaq6n�Y@[d]hY�c(\pc/]hx6Ww~1\�xa� è é ê ¾ Ë9}�WZ� ]oY�c@\�x���x6q�]o[�v
Ú é �oqaWd]�xaWZq{x6��]oY�¼6ËÂ}�Wd�vÏ�ÐÛ\fY½x6�/W¶²
c/U�[�\p]hV1qaWZ��\fn�Y nh�Bx6�/W
c/W�x6Wr[¬xanoq�~1\fx6�/\XYEä â|äJæQ¼-Þ Î�R�@WÛ]oVX�6n9q6WrÁ�U�\fqaWwx6�/WWZVXWd[¬xaq6n�Y
[d]hY�c/\Xc/]hx6Wr�wx6n|T.W,~¡WdVfVB\X�6noVp]�xaWdc �¢q6n�e WdY/WZqa�o¥�ì
n�~ \XY x6�/W
Wd�oWdY�x�]hY�cx6n���]3��WB�6�/n�~¡Wdq��/qanh²
VfWr�¡[ZnoY��6\X�#x6WdY�x�~1\fx6�Ûx6��]hx�no�
WdVfWr[¬xaq6n�Y|\fY/\fx6\p]�xaWdc½�#�/n�~�WZq��C»�¼*¼7½�R�k��/W��q6Wr�#WdY�[�WÛnh�%]¹Y�WZU(�
xaq6\XY/n�\p��\XY(�¢WZqaqaWdc��¢qanoe ]��#\X�d]oT/VfW%e�\p�a�#\XY/�lx6q�]hY
�#��WZq��#W�WZY�WZqa�o¥o^
è Ï é »�¼ ¾ ½�R��@WBqaWdÁ�U/\Xq6W%x6�/W�ew\X�a�6\fY/�Sx6q�]hY��6�oWdqa�6W1WZY�WZqa�o¥w\fYx6�/W
Wd�oWdY�xr^ è Ï é ^(x6nwT.W��oqaWd]�xaWZq�x6�
]hY ¾ Ëw}�WZ�{R
Q%c�c(\�xa\fn�Y�]hV qaWdÁ�U/\XqaWZewWZY�xa��]oq6W�\few�.n��6Wdcx6nwqaW-¤-Wd[�x"�#�.Wd[Z\�²
[

�6noU�qa[ZWd�1no��T�]o[�vA�oqanoU�Y�c R%�B\fVXWZ�/x6noYCWZ�oWdY�xa�%�¢q6n�e �Bq6WdVfVf��ª�]hY�^
Ô ÖÔ¬^g]oY�c'c(\XT.n��6noY'T
]o[�vA�oqanoU/Y
c/�C]oq6W½q6Wde�n���Wdc�TA¥���W�x6n�\fY��
Wd�oWdY�x��~1\fx6� ]½�6Wd[ZnoY�c \X�6noVp]�xaWdc�VXWZ�(xanoY [Z]hY
c(\Xc�]�x6W�^%Wd\�xa�/WZq
]oY,WZVXWd[�x6qanoY9noq�]weSU/n�Y�^
~1\fx6�"Ú é ê ¼!Ëg}�WZ�aÏ�ÐhRBº�§��8eSU�V��
xa\ ¤-WZxBWd�oWZY�x��1�oWZx"e�\p�a[�Vp]o�a�#\f²�Wdc¶\XY�x6ngxa�/W:¾2Ï?¾ ¿ ÂíÃ�Å Æ �6]oe{�
��VfWÛ~1�/WZY;n�Y/W¼no�1x6�/W{¤-W�x��S\p�Sew\p�#\pc(WdY�xa\�²
Wdc;]��S]hY WZVXWd[¬xaq6n�Y
[d]hY�c/\Xc/]hx6Wl]hY�c¼x6�/W è Ï é qaWdÁ�U/\XqaWZewWZY�x¡\p���6]hx6\p�-²
Wdcc/U/W�x6n�WZY(�
Wdq6��¥le�\p�6e�Wr]o�6U/qaWZewWZY�xdR°«uY�xa�/Wd�6W1º�§�� e{U/Vfx6\ ¤-W�x:WZ��WZY�xa�d^3x6�/W
è Ï é c(U/Wlx6n�¤-WZx"WZY/Wdq6��¥¼ew\X�6ewWd]o�6U/qaWZewWZY�x�\X�"�oWZY�WZq�]hVXVf¥weSU
[��
�6eg]hVXVfWdq�xa��]hYSx6�/W è é no�/x6��W�¤-W�x�ew\X�6\pc(WZY�x6\f²�WrcS]o�D]hYSWZVXWd[¬xaq6n�Y
[d]hY�c/\Xc/]hx6W�~1�/WdY¶x6�/W è é \X�1Vp]hqa�oW�R�©"n�~�WZ��WZqr^N¾2Ï*¾À¿IÂîÃ�Å?Æ
Wd�oWdY�x�� ~1\XVfV��/q6n(c(U
[�W è é ]hY�c è Ï é [�n�ew��]hq�]hT/VXW:\XY�ew]o�oY/\fx6U
c(Wo^
\f�:x6��W�Ú é nh�:xa�/WST.n��6noY¹\p�"e{U�[��C�6eg]hVXVfWdq"x6�
]hY,xa�/WSeg]o�a�"no�
xa�/W1T.n��6noY�RD�ÂW%q6WrÁ�U�\fqaW�x6�/W1q�]�xa\fnlnh��xa�/W1WZVXWd[�x6qanoYg[Z]oY�c(\pc/]�xaW
è é x6n è Ï é x6ngT.W�T
WZx-~¡WdWZY�Î/R Ìg]hY�c ¾ R Ë/R�Q"YA¥(¾2Ï*¾À¿IÂîÃ�Å?Æ
Wd�oWdY�x��1xa��]�xlVf\XWSn�U(xa�6\pc(W�xa�/W{]oVfVXn�~¡Wrc9q6Wd�o\XnoY,ewn��#x6VX¥9��]3�oW{]
��\f���WÚ é T
n��#n�Y�R:k��/\p�¡qaWdÁ�U/\XqaWZewWZY�x���]���]hY¼WZ´g[Z\fWdY�[�¥¼]oT
n���W
Ñ-Ñ%Ò �¢noq�¾2Ï?¾À¿|ÂíÃ6Å Æ Wd�oWdY�x��"]hY
c¶]oY9Wd�#x6\Xew]hx6Wrc9q6W#¤-Wd[¬xa\fn�Y
q�]�xaW�nh�,ï�Ì-ÎuÒ �¢n�q1x6��W�ew\X�a[�Vp]o�a�#\f²�WrcCº�§��8eSU�V�xa\ ¤-WZxBWZ��WZY�xa�
~1\fx6���/\X�o� è é R¼Q%c�c(\�xa\fn�Y�]hV¡c(W�x�]h\XVX��no�¡xa�/WgWZ��WZY�xS�6WZVXWd[¬xa\fn�Y
qaWdÁ�U/\XqaWZewWZY�xa��]oq6Wl�/qaWd�6WZY�x6Wrc\XY,¦1W��-R5»3¼ 0 ½�R
k��/W|qaWd�6U/Vfx6\XY/� �6]oew�/VfW;[ZnoY�xa]o\fY
�Á¼ ¾ ÎDÌ%Ó?Ì WZ��WZY�xa�dR k��/W

xaqa]oY��6�oWZq��6W%eg]o�a��nh�:]w[Z]hY
c(\Xc�]�x6WlWd�oWZY�x1\p�"[Z]oVX[ZU/VX]hx6WrcÛ]��
ð éGñóò ¾ è é è Ï é Ã ¼8ã�[�n���á�Æ)ôoÅ=õ Ã ¼rÅ

~1��WZqaW�áIÆ�ô@\p��x6�/W¹]o�Z\XeSU(xa��]hV�n��
WdY/\fY���]oY/�oVXW9T
WZx-~¡WdWZY½x6�/W
WdVfWr[¬xaq6n�Y@[d]hY�c(\pc/]hx6Wg]hY�cÂxa�/W è Ï é c(\XqaWd[¬xa\fn�Y�Rgk��/\p� ð é c(\p�-�
xaq6\XT/U(xa\fn�YC��]��l]Û[ZVfWr]hq�b�]�[�n�T/\X]oY¹�.Wd]hv¹]��6�6n([�\p]�xaWdc,~1\fx6�Âx6�/W
��q6n(c(U�[�x6\XnoYg]hY
c{c(Wr[Z]3¥{nh�.x6�/W�¾ T
n��#n�Yg]o�:�6�/n�~1Y{\XY¼�D\f�
R�¼oR
k��/W@�#��]o�
Wr�¼no� ð�é c(\p�#x6qa\fT/U/x6\XnoY��Û]hY�c xa�/WÂ]�[Z[ZWZ�(x�]hY�[ZW

xa\fewWr�:W�´¼[�\XWZY
[�¥��¢n�q�x6�/W�¾À¿(T.n��6noYw�6\f��Y�]hV(]hqaW�Wd�#x6\Xeg]�x6Wrc�U��-�
\XY/��öu÷vø|ùaú4û;z,n�Y�x6Ww§�]oq6VXn[d]hVp[�U/Vp]�xa\fn�Yü»3¼>Ì�½�~1\�xa��§�k1 �º�Ëo¨
�
]hq6x6noY¶c(\p�-xaq6\XT/U(xa\fn�Y�¢U/Y
[¬x6\XnoY
� Ã �������aÅ�»�¼!Ë!½L^(xano�oWZx6�/Wdq�~1\�xa�
xa�/W�ý5þNûvÿ|øX»3¼!Í6½ ß T�]��#Wrc�§�����«6«�c/W�x6Wr[¬xanoqS�6\fe{U/Vp]�x6\XnoY�R¼�ÂW
qaWdÁ�U/\XqaW�x6�/W�¾À¿�T.n��6noY9xan��]3��W�qa\f����x6���
]hY�c(Wrc9[�noU��/Vf\XY/���1x6n
xa�/W¼�¢Wdq6ew\XnoY��S~1�/WZY �oWZY�WZq�]�x6\XY/�¹�6\f��Y�]hV�z,noY�xaW9§�]hqaVXn¹�6]oe{�
��VfWr�ZR�k��/WS]�[Z[�Wd�(xa]oY�[�Wlxa\fewWr�"W�´¼[Z\fWdY�[�¥¶q6\p�6Wd���¢qanoePÌ/¼�Ò*�¢noq
ð���� Ý ¾ Î*Î{}�Wd�vÏ�Ð�_o^(�/VX]hx6Wr]hU���]�x&Ì-ÓuÒ'�¢noq 0 Ë*Î�}�Wd�|Ï7Ð�_h^(qaW��
eg]o\fY��Sq6n�U/�o��Vf¥Gì
]�xSU��|x6nGÓ-Î*Î¹}�Wd�aÏ7Ð�_h^:]oY�c@x6�/WdY|��]hVXVp��x6n
ÌuË-Ò �¢noq ð � � ÝóÑ-Ë?Î¼}�Wd�vÏ�Ð�_oR�k��/W�\XY/\�xa\X]oV°\XY�[Zq6Wr]o�6W�\fYCx6�/W
]�[Z[ZWZ�(x�]hY�[ZWxa\fewWd�¼W�´¼[�\XWZY�[Z¥;\p�gc(U/W9x6n|]@�/Wr]3��\XWZq�¾ ¿ T.nh�
�6noY9�/qan(c(U�[ZWdc¶ewnoqaWl[ZWZY�x6q�]hVXVX¥oR¡k���W��#U/T
�#WrÁ�U�WZY�x1��]hVXV�\p�"c(U/W
xan WZ�oWdY�x9�6WZVXWd[�x6\XnoY q6WrÁ�U�\fqaWZewWZY�x��ÛT.Wd[Znoew\XY/�½VXWd�a�9W�´¼[Z\fWdY�x
�¢n�q¼xa�/WÂ��\f���(��WdY/WZqa�o¥½WZVXWd[�x6qanoY��dR'�@WCU��6WÂ] Y/W�ÀAx6��xanh�LY/W�ÀAx#�



Ë

)
2

 (GeV/cTM

10 10
2
�

10
3
�

2
E

ve
nt

s 
pe

r 
5 

G
eV

/c

10
-2

10
-1

1

10

10
2

10
3
�10
4
�

DATA

Background Prediction

Signal Prediction
�

)2= 800 GeV/cW’(M
�

�I���	}�{
	W�Db-ZW`�])h=_%^��6Z ]�^�Z:zWh=^�^�n*p3^�`�]�pqm-c-`�pqf!_-^�f>g���
��i�h>_un*p3n%h=`�Z
Z��6Z9_?`�^�}:�Db-Z�m%h>i��?r>]�f!c-_un�])h=`�Z�^	h=]�ZWf!m*`)h>pq_%Z�n�g�]�f>z `�b-Z�¡%`	n-Z s
^�i9]�pqmNZ�n"pq_�`�b%Z8`�Z9�?`�},�Db%Z	n-pq^�`�]�pqm%c*`�p3f>_"Z9�*[NZ�i9`�Z�n+g�]�f!zó`�b%Z�[-]�f=s
n-c-i9`�pqf!_Wf>g�h	jlkNmNf!^�f>_:f=g���� ��� �>�!�	��Z��/� ���,pq^D^�b%f��J_Wm�o�`�b%Z
n%h=^�b%Z�n�dqp3_-Z!}

x6no��VXWd]�c(\XY/��noq�c(WZq Ã �%� ¨D¯lÅ�[Zq6n��6���#Wr[¬x6\XnoYw�/qaWdc/\X[�x6\XnoY�»�¼6Ê>½
�¢noq
x6��W�¾À¿ T
n��#n�YÛ��q6n(c(U�[�x6\XnoY¶U��6\fY/�gz¹¦B�(k�¼��������@»3¼!Ó6½�R
k��/W�VX]oq6��Wd�#xDT�]�[�vA�oqanoU/Y�cS�#n�U/qa[ZWd��]hqaW8¾ n�q��½T.n��6noY��/qanh�

c(U�[�x6\XnoY¼~1\fx6�x6�/WBT
n��#n�Yc(Wr[Z]3¥A\fY��lx6n�²
Y�]hV��-x�]�xaWd��x6��]hx�[�n�Y(�
xa]o\fY�WdVfWr[¬xaq6n�Y��ZR�k���Wd�6W�\fY
[�VXU�c(WK¾ Â Ã�Å Æ ~1�/\X[���\p��xa�/W�c(n�e�\f�
Y�]oY�x�T�]�[�v���q6n�U/Y�c ^N¾ Â��/Å��:Â Ã�Å Æ Å��-Å��(^���Ï
 "!8Â Ã6Ã�^/]hY�c��Ï
 ! Â#�$� Â Ã
%;RCk��/WÛnhx6��WZqST
]o[�vA�oqanoU/Y
c@�6noU�qa[ZWd��]oq6W
WZVXWd[�x6qanoY��D[�n�ew\fY/�B�¢qanoe8c(\XT
n��#n�YS�/qan(c(U�[�x6\XnoY{]oY�cWÔ ÖÔ��/q6n(c(U
[¬�
x6\XnoY�^�]oY�c9¤-WZxa��ew\p�#\pc(WdY�xa\�²
Wdc;]���WZVXWd[�x6qanoY;[d]hY�c(\pc/]hx6Wd���¢q6n�e
º�§���eSU�V�xa\ ¤-WZx¼�/q6n(c(U
[¬x6\XnoY�Rük��/W,�6��]h�.Wd��no�%x6��W ð é c(\X�#�
x6qa\XT/U(x6\XnoY
�,]hY�c4]o[Z[ZWZ�(x�]hY�[ZWCxa\fewWr�9W�´¼[�\XWZY�[Z¥ nh�{x6�/W�Y/n�Y(�
eSU�V�xa\ ¤-WZx�T�]o[�vA�oqanoU�Y�c/��]hqaW�[d]hVp[�U/Vp]�xaWdc{U��6\fY/���a]hew�/VXWd����WZY/Wdq#�
]�xaWdcl~1\fx6��öu÷5øIùvú4û:^3W�À/[�Wd�(x��¢noq�¾U¾ ]oY�cW¾&��T
]o[�vA�oqanoU/Y
c/�Z^
~1�/\p[��|]hqaW¼[Z]hVp[�U�VX]hx6Wdc@~1\fx6�2û"'%ö/ý5þ�ÿÀ»�¼>Ñ6½L^°\XY�x6Wdq#��]�[�Wdc@~1\fx6�
ùaþ)(+*�ú�ý�» ¾ Î6½�R�Q"VXVDz¹noY�x6Wg§�]hqaVfn¼�a]hew�/VXWd��]hqaW��#U�T(¤-Wd[�x6Wdc¹x6n
x6��W�§��B�Â«#«:c(WZx6Wr[¬x6n�q¡�6\fe{U/Vp]�x6\XnoY�R°�@W"U��6W�x6�/WdnoqaW�xa\X[d]hV�[Zq6n��6�
�6Wd[¬xa\fn�YÛ��q6Wrc(\X[�x6\XnoY��¡xan�Wr�-xa\feg]hx6W�x6�/W�WZÀ(�
Wr[¬x6WrcT
]o[�vA�oqanoU/Y
c
¥A\fWdVXc��@»3¼�Ê�^ ¾ ¼o^ ¾o¾ ½LR
�/noq�x6�/W�º�§���eSU/Vfx6\ ¤-W�x¡T�]o[�vA�oqanoU�Y�c ^�xa�/W"�/qaWdc(\p[¬xaWdcwYAU/e��

T.WZq¼no��Wd�oWZY�x��w\X�gWr�-xa\feg]hx6Wdc½�¢qanoe?xa�/WCc/]hxa]��a]hew�/VXW,U��#\XY/�
x6��W%]h�d\fe{U(x6��]oV/no�.WZY�\fY/��]oY/�oVXW1T.W�x-~�WZWZY�xa�/W%c(\Xq6Wr[¬xa\fn�Y�no�
xa�/W
WZVXWd[�x6qanoY¹[d]hY�c(\pc/]hx6W{]oY�c9xa�/W{��Wd[�x6noq��#U�e no�:x6�/WB¤-W�xlWZY�WZqa�o¥
ì�n�~�R9�A\fY
[�W]�¤-WZx{ew\X�6\pc(WZY�x6\f²�Wrc|]o��]oY@WdVfWr[¬xaq6n�Y�[d]hY�c/\Xc/]hx6W
~1\XVfV.T
WB�#WdWZY]��:q6Wr[�n�\fVX\fY���]h��]o\fY
�-x�xa�/W"qaWd�#x�nh� xa�/W�¤-WZxa��\fYgxa�/W
WZ��WZY�xd^�~¡W�WZÀA�.Wd[�x1x6n¼�6WZW�T�]�[�v���xanh�LT�]o[�vwT.WZ��]3�A\Xnoq1\XY9x6�/W�]o���
\XeSU(xa��]hVDno�.WZY/\XY/�¶]hY/��VfW�^
~1�/Wdq6Wr]o��¾2Ï*¾ ¿ Â Ã�Å Æ WZ��WZY�xa��c(n
Y/nox¡��]3��WB]S�#x6qanoY��S]hY/��U/Vp]hq¡[Znoqaq6WdVX]hx6\XnoY�»�¼ 0 ½LR:k��/W�c�]�xa]{]hY�c
Wd�#x6\Xeg]�xaWdcgT�]�[�vA�oqanoU/Y�c ð é c(\p�-xaq6\XT/U(xa\fn�Y���]oq6W%[Znoew��]oq6Wrcw\fY
�D\f�
R&¼oR Q��6ew]oVfV�WZÀ([ZWd�a��nh�%Wd�oWZY�x��{~1\fx6� ]@�#\X�oY/\f²
[d]hY�[ZWnh�

]oT
n�U(x@¼oR Ó{�#xa]oY�c/]oqacÛc(WZ�A\p]�x6\XnoY
��]oT
n���W"xa�/W�T�]o[�vA��q6n�U/Y�cgWZÀ��
�.Wd[�xa]hx6\XnoY�\p�ÛnoT��6WZqa�oWrc \fY�x6�/W 0 Ë*Î ß Ë*Î*Î;}�Wd�|Ï7Ð�_ ð2é T/\XY�R
k���W9[ZnoY�x6qa\XT/U(x6\XnoY
���¢q6n�e ¾ Â Ã�Å?Ær^%º�§���e{U/V�xa\ ¤-WZxd^1]hY
c
xa�/W�q6Wr�-x�nh��xa�/WlT�]o[�vA��q6n�U/Y�c/�¡]hT.n��oW ð é Ý ¾ Î-Î{}�Wd�aÏ7Ð�_�]hqaW
VX\p�-xaWdc¶\fY9kD]hT/VXW�«¬R
«uY n�qac(Wdqgx6n Wd�#x6\Xew]hx6WCx6�/W@�#\X�ZW¹no��x6�/WÂ�
nox6WdY�xa\X]oVB�6\f��Y�]hV

[ZnoY�x6qa\XT/U(x6\XnoY�\XY�xa�/W��6]oe���VfW�^3]%T/\XY/Y/WdcSeg]�À(\fe{U/e Vf\XvoWdVf\X�/nAn(c
²�x�\p�D�
Wdq#�¢n�q6ewWrc�noYSx6�/W�noT
�#Wdq6��Wdc ð é c(\p�-xaq6\XT/U(xa\fn�YST.W�x-~�WZWdY
Î ]hY�cU¼vË*Î*Î;}�Wd�aÏ7Ð�_h^%U��#\XY/�|xa�/WCT
]o[�vA�oqanoU/Y
c½��q6Wrc(\X[�x6\XnoY��
]oY�c@x6��WÛWZÀA�.Wd[�x6Wrcü¾À¿�T.n��6noY;[ZnoY�x6qa\XT/U(x6\XnoY ~1\�xa� c(\fm.Wdq6WdY�x
eg]��6�g��]oVfU/Wr�gq�]hY/��\fY/�Â�¢qanoe ¾ Î*ÎÂxan2Ñ-Ë?Î|}�Wd�aÏ7Ð�_hR k��/W,²/x
qaWd�6U/Vfxa�1]oq6Wl�#��n�~1YÛ\XY,k°]oT/VfWl«6«¬^/W�À(�/qaWd�a�#WrcÛ]��

, ñ -/.10 Ã ¾À¿�Â Ã�Å?Æ¬Å
-/.10 Ã ¾ ¿ Â Ã�Å Æ Å3254 õ Ã ¾ Å

~1��WZqaWlx6�/W{Y�U�e�Wdqa]hx6n�q1\X�"x6�/W�n�T��6WZqa�oWdc9[Zq6n��6�1�6Wd[�x6\XnoY9x6\XewWd�
T�qa]oY�[��/\XY/�w�¢qa]�[¬xa\fn�YC]hY�c,x6�/W�c(WZY/n�ew\fY�]hx6n�q%\p�"xa�/WSWZÀA�.Wd[�x6Wrc
��]oVfU/W"�¢q6n�eOxa�/W%eg]oY/\��¢Wr�-x�VfWZ�Ìx#�Lq6\X�o��x¡�6¥Aewe�WZx6qa\X["e�n(c(WdV�R:k��/W
WZÀ(�
Wr[¬x6Wrc;�6\f��Y�]hV�¥A\fWdVXc|\p�{Y/noqaeg]hVX\f�dWdc|TA¥@x6�/WÛnoT��6WZqa�oWrc2¾
T.n��6noYw¥A\XWZVpcwnoT(x�]h\XY/Wdc{�¢qanoeOx6�/W1²�xdR:k��/\p��Y/n�q6eg]hVX\X�d]�xa\fn�Y{qaW��
c/U�[�Wr�:x6��W%W�m�Wd[�xa�¡nh� U/Y�[ZWZq6xa]o\fY�x6\XWd�¡[�n�e�ewn�Ywx6n�T.nhxa�gx6�/W�¾
T.n��6noY¹]oY�c,��®.T
n��#n�Y¹¥A\fWdVXc��Z^��#U
[��¹]o�%x6�/W{U/Y�[�Wdq#x�]h\XY�x6\XWd�"no�
]oY�\XY�xaWZ��qa]hx6WdclVXU/ew\XY/n��6\�x-¥�]oY�c�no�(x6�/WdnoqaW�x6\p[Z]oV�[Zq6n��6�°�#Wr[¬xa\fn�Y��ZR
�@W��6W�x�U/�/�.WZq�VX\few\fxa��noYx6�/W�qa]hx6WBnh�°]+¾À¿
T.n��6noYT�¥¼[ZnoY(�

�#x6qaU�[�x6\XY/�,x6��W¼�
n��-xaWZqa\fn�qSc(\p�-xaq6\XT/U(xa\fn�Y|�¢noq , �¢noq{Wd]o[��@²/À(Wrc
��]oVfU/Wnh� ð6��� RCk��/W¼VX\fv�WZVX\f��n�n(c�\p�Seg]hÀA\Xew\f�dWdc@�¢n�q{]9²/À(Wrc
��]oVfU/W�nh� , ~1\fx6�¶q6Wr�#�.Wd[�x¡xan�x6��W�T
]o[�vA�oqanoU/Y
cg[�noY�xaq6\XT/U(xa\fn�Y��ZR
�@W¹U��6W¹xa�/W¹qaWd�6U/Vfx6\XY/�;VX\fv�WZVX\f�/nAn(c�c(\p�-xaq6\XT/U(xa\fn�Y x6nü�#WZx¼x6�/W
Ñ%Ë-Ò §�¨;U/���
WdqBVX\few\fx�n�Y,x6��WSq�]�x6\Xn , T�¥¶YAU/ewWZqa\X[d]hVXVf¥¶\XY�xaW��
��qa]hx6\XY/��n��oWZq , R:�@W�[�n�Y��6\Xc(Wdq�x6�/W�VX\fv�WZVX\f��n�n(c�¢U/Y�[�x6\XnoY,noY�Vf¥
\XY�x6��W¼�/�A¥(�#\p[Z]oV�q6Wd�o\XnoY�~1�/Wdq6W , \p����q6Wr]�x6Wdq�x6�
]hY|noqSWdÁ�U�]hV
xan{�dWZqan�R:�A¥(�-xaWZeg]�xa\X[BU/Y�[ZWZq6xa]o\fY�x6\XWd�¡\XY¼x6��Wl�6\X�oY�]oV.]oY�cgT�]�[�v��
��q6n�U/Y�c|q�]�xaWd�{]hqaW\XY�[�n�q6�.noq�]�xaWdc|\XY;xa�/WÛU��/�
WdqwVf\Xew\�xgU��6\fY��
xa�/W¹��]3¥oWr�#\p]hY½�/q6Wr�6[Zq6\X�(xa\fn�Y nh��[�n�YA�onoVXU(xa\fY/�Âx6��W¹Vf\XvoWdVf\X�/nAn(c
�¢U�Y�[¬xa\fn�Y�~1\fx6�¼]�xaq6U�Y�[Z]hx6Wdcg}l]oU��6�6\p]hY��/q6\Xnoq�c/\X�#x6qa\fT�U(x6\XnoY��¢noq
Wr]o[��;YAU/\p�a]hY�[ZW��]oqa]oe�WZx6Wdq�» ¾?0 ½LR;k��/W¶U/�/�.WZqwVf\Xew\�x��w\fY x6�/W
[Zq6n��6�g�6Wd[�x6\XnoY xa\fewWd�T/q�]hY�[��/\XY/���¢q�]o[�x6\XnoY�]hqaW,noT(x�]h\XY/WdcüTA¥
e{U/Vfx6\X�/Vf¥A\XY/��xa�/W"U/�/�.WZq¡Vf\Xew\�x���\XY , TA¥�xa�/W"xa�/WZn�q6WZx6\p[Z]hV
[�qan��a�
�6Wd[�x6\XnoYÛx6\XewWd�1T/q�]hY
[��/\fY��S�¢q�]o[�x6\XnoY�R
�@W�[ZnoY��6\pc(WZq��#¥(�#x6Wdew]hx6\p[�U/Y�[�Wdq#x�]h\XY�x6\XWd��c(U/W¡x6nlU/Y�[ZWZq6xa]o\fY(�

xa\fWr�"\XY¹�������Z^.WZVXWd[�x6qanoY9WZY/Wdq6��¥ewWd]��#U�q6Wde�WdY�xd^�\XY/\fx6\p]hVD�-x�]�x6W
q�]oc/\X]hx6\XnoY�^�]hY�cÂ¤-W�xÛWZY/Wdq6��¥;ewWd]o�6U/qaWZewWZY�xrR��A\fY
[�W,xa�/W,U/Y(�
[ZWZq6xa]o\fY�x-¥@\fY|xa�/W¼xa�/WZn�q6WZx6\p[Z]oV¡[�qan��a�S�6Wd[�x6\XnoY|no�1x6�/W�¾À¿¡T.nh�
�6noY �/qan(c(U�[¬xa\fn�Y�c(nAWd�9Y/noxC]�m�Wd[¬x,xa�/W|VX\few\fxCnoY4x6�/W½[�qan��a�
�6Wd[�x6\XnoY�^Dxa�/\X�{U/Y�[ZWZq6xa]o\fY�x-¥C\p�{Y/nhxS\XY�[ZVfU�c/Wdc|~1�/WdY [Z]oVX[ZU/Vp]�x#�
\XY/�9xa�/WVX\few\fxdR,k��/W�6¥(�-xaWZeg]�xa\X[¼U/Y�[�Wdq#x�]h\XY�x-¥C\XY�x6�/W�¡�B���
\p�gc(Wr[�noew�.n��6Wdc½\fY�xan�]�[Znoew�
n�Y/WZY�x]hm.Wr[¬x6\XY/�@x6��W9x6�/WdnoqaW�x#�
\p[Z]oV�¾À¿1�/qan(c(U�[¬xa\fn�Y�[�qan��a���6Wd[�x6\XnoY�]hY
c½n�Y/W,]�m�Wd[�x6\XY/��x6�/W
WZÀ(�
Wr[¬x6Wrc|]o[d[�WZ�/xa]hY
[�W¼no��xa�/W(¾À¿¡T.n��6noY�R,k��/W[Znoew�.noY/WdY�x
]hm.Wr[¬xa\fY/�üxa�/W�x6�/WdnoqaW�xa\X[d]hV�[�qan��a�9�#Wr[¬xa\fn�Y4\p�¶x6�AU��,qaWZewn���Wdc
�¢qanoeÄx6��WÛ[�qan��a���6Wd[¬xa\fn�Y|Vf\Xew\�xw[Z]oVX[ZU/VX]hx6\XnoY|T/U/x�[�n�Y�x6qa\fT/U/x6Wd�
xan,x6��W¼eg]o�a��VX\few\fx�[Z]oVX[ZU/Vp]�x6\XnoY�R¶k��/WÛ[�qan��a���#Wr[¬xa\fn�Y|U/Y�[�Wdq#�
x�]h\XY�x6\XWd��nh�DT�]o[�vA�oqanoU�Y�c/��]oq6Wl]hVp�6n�xa]ovoWdY\XY�xan�]�[Z[ZnoU/Y�xdR:k��/W
Vp]hqa�oWr�-x1[�n�Y�x6qa\fT/U/x6\XnoYÛx6n�x6�/W��6¥(�-xaWZeg]�xa\X[�U/Y
[�WZq6xa]o\fY�x-¥¼T.WZVXn�~
ð � � Ý Ê�Î-ÎC}�WZ�aÏ�Ð _ [�n�ewWd�S�¢q6n�e xa�/WÛU�Y�[�Wdq#x�]h\XY�x-¥@\XY|x6�/W
¤-WZxSWZY�WZqa�o¥CewWr]o�6U/q6WdewWZY�xdR9k��/W¼U/Y
[�WZq6xa]o\fY�x-¥@\fY�xa�/W�6\f��Y�]hV
]�[Z[ZWZ�(x�]hY�[ZW¹c(U/W¹xan;xa�/WCU/Y
[�WZq6xa]o\fY�x-¥½\fY�xa�/WÂ�¡�B���\X�x6�/W
c/noew\fY
]hY�x%[�n�Y�xaq6\XT/U(xa\fn�Y¶]oT
n���W�Ê�Î*Îg}�Wd�aÏ7Ð�_hR¡k��/W�qaWd�6U/V�xa\fY��



Í

��7�8:9<;Á��	N�Db%Z�Z��6Z9_?`Jo*pqZ�d3n-^Kg4f>],`�b%Z�muh=i=�?r=]�f!c%_%n�^�f!c*]�i�Z�^�pq_>�@?�h>mNf7�6Z	�=�!�:��Z��/� ���8i�f>z@[uh=]�Z�n+`�fW`�b-Z�f!m%^�Z ]��6Z�n"n%h7`)h*},�Db%Z�c%_-i�Z9]�s
`)h>pq_�`�pqZ�^Kh=]�Z�i�f=]�]�Z�d3h=`�Z�n�}��Db-Z8i�f>]�]�Z9d�h7`�pqf!_%^�h=]�Z8[*]�f![NZ9]�deoW`)h1�6Z9_�i�h=]�Z8f=g|pq_+`�b%Z�^�o-^�`�Z9zWh=`�pqi8c%_-i�Z9]�`)h>pq_�`MoWZ9^�`�p3zWh7`�pqf!_�}

8Dh=i=�?r>]�f>c%_%n ;v�6Z9_?`�^\pq_�Z�h>i)bA�@?(m-p3_@By��Z��/� ���DC
�>�>��s��!�>�#�!�>��sFE!�>�GE!�>��s��>�>� �=�!��s��>�>� �=�!��sJ{��>�!�

jIHJ�K E!��L ��MG��L ��{7��L ��MONPL �>E�L �!�QMÁ{1L �>�(��L �!�QMG��L N6� Rå��L �?{S ���UT+c-de`�p VMZ9` ��L ��M��+Lq{ �+L �QMWE�L Eó��L �!��M���L �>~(��L �!��MG��L �?{ Rå��L �?{X `�b-Z9]Q8Dh>i��?r>]�f>c%_un*^S��L ��MÁ{
L �YE+L �QMG��L ~ó��L �?{:M���L �!����L �!��MG��L �>����L �!��MG��L �1E
��f=`)h>d�8Dh>i��?r>]�f>c%_unZE!��L �QM��+L ~��>��L ��MG��L ~/N+L �
E�MÁ{1L ~6����L E
E�MG��L �KE���L �!��MG��L �1E

�&h=`)h N-{ �?{ ~ { �

��7�8:9<;U���=	,�Db-Z(Z9�*[NZ�i9`�Z�nü_?c%z	mNZ9]�^�f>g�`�b-Z(Z��!Z�_�`�^+g�]�f>zÕ`�b%Z
j k H[��
�"[-]�f�i�Z9^�^��]\_^a`=b*��h>^�^�c-z@pq_%r�`�b%ZCzWh>_-pqg�Z�^�`�dqZ9g�`�s�]�p3r>b�`
^�o*z@z@Z9`�]�pqi�z@f?n*Z�dvh>_unC_%f=]�zWh>dqpdc�Z�n(m�o�`�b%Z�f>m%^�Z9]��!Z�n�j mNf>^�f!_
o*pqZ�d3n/}"Y�Z�h=d3^�fC^�b%f���f!m-^�Z9]��6Z�n(])h7`�Z:f=g&jükDmNf!^�f>_�[-]�f?n-c-i9`�pqf!_
g�]�f>z `�b%Z+¡-`+n*Z�^�i9]�pqmNZ�n�pq_�`�b-Z+`�Z9�?`��Kh>_%nG`�b-Z�~6�!  �:9 c-[%[NZ9]
dqpqz@pq`�f!_�`�b%pq^,])h7`�Z!}��Db-Z�c%_-i�Z9]�`)h=p3_�`�pqZ�^8h7]�Z�^�`)h7`�p3^�`�pqi�h=daf!_%deoCh=_un
n-f	_%f=`Jp3_-i�dqcun*Z&^�o*^�`�Z�zWh=`�pqi�c-_%i�Z ]�`)h>pq_�`�p3Z9^�}��Db-Z8~6�> Xc%[-[NZ9]\dqpqz�s
pe`�^Jp3_-i�dqcun*Z8mNf>`�b+^�`)h7`�pq^�`�p3i�h>d|h=_un:^�o*^�`�Z�zWh7`�pqi&c%_-i�Z9]�`)h>pq_�`�pqZ�^�}

� � � \ ^e`fb g@h � i+j k$l � �nm �po�q=ri+j k)l � � m �so3q�rut�vQwBy��Z��/� ���DCxB�Z��6Z9_?`�^�C �Ipe` y�[-[NZ9]Q9�pqz@pe`
�=�!� {��>�>�!�È�+L �>�6�
z){f| {s{ �� {f| {s{ � �?} �*{
�>�>� �1E!~>� �+L �>�6� z){f| {s{ �� {f| {s{ � �?} �*{E>�!� �>�
E>� �+L �>�*{ z){f| {s{s}� {f| {s{ � �?} �*{E!�>� {DE!�>� �+L �>�!� z){f| {s{s~� {f| {s{3� �?} �6�N!�!� �!�KE �+L �?{7� z){f| {s{s�� {f| {s{s~ �?} �
EN6�>� N-{�� �+L �?{�~ z){f| { �t�� {f| { � { �?} �
E
�=�!� �1E>� �+L �!�>� z){f| { �a�� {f| { � � �?} �!�
�>�>� {DE!� �+L �1E!� z){f| {s}s{� {f| { � � �?}q{!{
�>�!� �!��} � �+L �1E1N�z){f| { � ~� {f| { � ~ �?}q{��
�!�>� N�E?} � �+L �KN6� z){f| {s~s�� {f| {s}s~ �?} �1E
�=�!� �!��}q{ �+L �!�>��z){f| { �s�� {f| {3�p{ �?} E!�
�>�>� {�N*} � �+L �>�!��z){f| � ~ �� {f| {s~s{ �?} �!�
�>�!� �?} �>~ �+L �!�!�
z){f| �s�p�� {f| { � � {>} �!�
�!�>� N-} E!� �+L �>�*{�z){f| � �t�� {f| {s� � {>} �1N
~>�!� �?} E!� �+L �>� z � | {s{� {f| {s~ E?} �>�
~!�>� {!} ��N �+L �>��z � | � �� {f| {s{ �?} �>�

U/�/�.WZq¡Vf\Xew\�x���\XY , ]hqaW"�#U�e�eg]oq6\X�ZWrc{\XY¼kD]hT/VXW"«#«:]oY�c{x6�/W"U��(�
�.WZqDVf\Xew\�x��°\XY�xa�/W��/q6n(c(U
[¬x6\XnoY{[�qan��a���6Wd[¬xa\fn�Y�x6\XewWd�DT/q�]hY�[���\fY/�
�¢q�]o[¬xa\fn�Y¶]oq6Wl�/VXnhx6x6Wrc¶]���]��¢U/Y�[¬xa\fn�Y9nh� ð���� \fY9�D\f�
R ¾ R
µ%�6\fY/� xa�/WZn�q6WZx6\p[Z]oV��/qaWdc(\p[¬xa\fn�Y��¹]o�a�6U/ew\fY/�üxa�/W;eg]hY/\f�¢Wd�#x

VXW��Ìx#�Lqa\f����x��6¥Ae�ewWZx6qa\X[�ewn(c(WZV�^�~1�/\p[��@��]o��xa�/Wgq6\X�o��x6����]oY�c(Wrc
§���z ew]hx6qa\�ÀC]oY�cCx6�/Ww��]oU/�oWw[�n�U/�/VX\fY��¶[ZnoY��#xa]oY�x�\pc(WZY�xa\X[d]hV
x6n�xa�/n��6WBno��xa�/W��-x�]hY�c/]oqac¼e�n(c(WdV�^Axa�/Wd�6WlVf\Xew\�x���noYÛx6�/W�[Zq6n��6�
�6Wd[¬xa\fn�Y¹xa\fewWd��T/q�]hY
[��/\fY��¼�¢q�]o[¬xa\fn�YÂ]oq6W�[�noYA��WZq6x6Wdc9\XY�x6n¶Vf\Xe��
\fxa��noYCx6�/Wweg]o�a��nh�¡]�¾À¿DT
n��#n�Y�R�k��/WwU/Y�[ZWZq6xa]h\XY�x-¥9noY¹xa�/W
x6��WZnoqaW�xa\X[d]hV�[�qan��a���6Wd[¬xa\fn�Y\p�¡[d]hVp[�U/Vp]�xaWdcgTA¥w��]hqa¥A\fY/��x6�/W�ewnh�
ewWZY�x6U�e xaqa]oY��#�¢WZq%�a[Z]oVfW�]oY�c9TA¥ÛU��6\XY/�gx6��WSU/Y�[ZWZq6xa]o\fY�x6\XWd�"\fY
x6��Ww�¡�B����]hq�]hewWZx6qa\f�r]�x6\XnoY�RSk��/WwU/Y�[ZWZq6xa]h\XY�x-¥,\X���6�/n�~1Y@]o�
x6��W%T�]oY�cw\fYÛ�°\X��R ¾ RD�ÂW%xa]ovoW1xa�/W"VXn�~¡Wdq�T
n�U/Y�cgno��x6�/W%x6�/Wdnh�
qaW�x6\p[Z]oV/[�qan��a�:�#Wr[¬xa\fn�YSxan�noT(x�]h\XYSxa�/W"eg]o�a��Vf\Xew\�xrR:k��/\X��]hVXVfn�~"�
U���xan,W�À/[�VXU�c(Wg]�¾À¿�T
n��#n�YÂ~1\fx6��eg]o�a�lT.WZVXn�~#Ê�Ó-Ó¶}�Wd�|Ï7Ð�_

200 400 600 800
�

1000
W′ Mass (GeV/c2)

�10-2

10-1

1

101

102

103

σ*
B

(W
′→

eν
� ) 

(p
b) 95

�
% CL Limit

(NNLO)
σ� *B(W′→e� ν� )

�
LR

788 GeV/c2

�I���	}���	D�Db-Z�~6�!  �:9�dqpqz@pe`�^Kf>_"i9]�f!^�^K^�Z�i9`�pqf>_�`�p3z@Z9^Km*])h>_-i b-p3_-r
g�])h>i `�p3f>_�h>^�h:g�c%_%i `�p3f>_�f>g,j k mNf>^�f!_�zWh=^�^�}+�Db-Z�]�Z�r!pqf>_�h>mNf7�6Z
`�b%Z�n%h=^�b%Z�n�dqpq_%Z�p3^	Z9�*i�dqcun*Z�n�h=`�`�b-Z�~6�! Q�:9v}�7Kdq^�f-�v`�b%ZWi9]�f!^�^
^�Z�i9`�pqf!_(`�pqz@Z�^�m-])h>_-i b-pq_%r:g�])h>i9`�pqf>_�h>^�^�c-z@p3_-r:`�b-Z�zWh>_-pqg�Z�^�`�dqZ9g�`�s
]�p3r>b�`	^�o*z@z@Z9`�]�pqi	z@f?n-Z�d����A�1��Byjlk�H��K � Cs�+�5�Ipq^�^�b%f��J_�h>dqf>_%r
�Jpq`�b�pe`�^&c-_%i�Z9]�`)h=pq_?`to�},�Db%Z�p3_�`�Z9]�i9Z�[-`�f>gv`�b%Z�i9]�f!^�^�^�Z�i9`�pqf!_Cdqp3z@pe`
i�c-]��6Z�h=_unå`�b-Z"dqf7��Z9]�mNf>c%_%n�f>g8`�b-Z�`�b-Z�f>]�Z `�p3i�h>d&i9]�f>^�^:^�Z9i9`�pqf!_
o-pqZ�d3n*^�� � �"� �>�>�W��Z��/� � � h7`K`�b-Z8~6�> U�:9v}

]hx�x6�/WWÑ%Ë-Ò §�¨�R
�@W Wr�-xa\feg]�xaW xa�/W �6WZY
�#\fx6\X�A\�x-¥?no� noU/q �#Wr]hq�[�� x6n T
W

Ó 0 Ë }�WZ�aÏ�ÐZ_|TA¥4[Z]oVX[ZU/Vp]�x6\XY/� xa�/W;ewWdc(\p]hY WZÀA�.Wd[�x6Wrc ew]��6�
VX\Xe�\fxÂ\XY']�VX]oq6��W|WZY��6WZe{T/VfW nh�¼T�]�[�v���q6n�U/Y�cA�LnoY�Vf¥ �
�#WdU�c(nh�
WZÀ(�
Wdq6\XewWZY�xa�dR k��/W½c/\X�a[�qaWZ��]oY�[�¥ T.W�x-~�WZWZY xa�/W ewWr]o�6U/q6Wrc
VX\Xe�\fx%]hY
c¼xa�/W�W�À(�.Wd[¬xaWdcÛVf\Xew\�xB\X��Vp]hqa�oWdVf¥¼c(U�WBxan�x6�/W�WZÀ([ZWd�a�Z^
xa�/noU��o�@Y/nhx��#xa]�xa\X�#x6\p[Z]oVfVX¥C�6\f��Y/\f²
[Z]oY�xr^�noT
�#Wdq6��Wdc¹\XYÂx6�/W ð é
qaWZ��\fn�Yno� 0 Ë?Î ß Ë?Î-ÎS}�WZ�aÏ�Ð�_oR
«uY �6U/ewew]oq6¥�^�~¡W¹�
]3�oW,�.WZq6�¢noqae�Wrc ];�#Wr]hq�[�� �¢n�qÛ]�Y/Wd~

��Wd]3�A¥8[���]hqa�oWrc8��Wd[¬xanoq�T.n��6noY c(Wd[d]3¥�\XY/�4x6n�]hY*WZVXWd[�x6qanoY(�
Y�WZU(xaq6\XY/n%�
]h\Xq°~1\fx6��]%VX\f����xD]hY
cS�#xa]hT�VfW¡Y/WZU(xaq6\XY/n�\fY�¼oR Ñ*Í"k°WZ�



Ê

Ú ÖÚ@[�n�VfVX\X�6\XnoY��dR1�ÂWwc(n¼Y�nhxBn�T��6WZqa�oW�]hYA¥9�-x�]�xa\X�#x6\p[Z]oVfVX¥,�#\X�oY/\f�Ì�
\p[Z]hY�x%WZÀ/[�Wd�a�1n���WZq"T�]�[�vA�oqanoU/Y�cÛW�À(�.Wd[�xa]�xa\fn�Y��dR1�ÂW{U��#W{]w²/x
nh�%x6�/W ð é c(\p�-xaq6\XT/U(xa\fn�Y;x6n��6W�xwU/�/�.WZqwVf\Xew\�x��wnoY x6�/W9�/qanh�
c(U�[�x6\XnoY9]hY�c¶c(Wr[Z]3¥¼q�]�xaWBno�D]"¾À¿ T.n��6noYÛ]oY�cÛW�À/[�VXU�c(W�]"¾À¿
T.n��6noYw~1\�xa� ð6��� æ Ê�Ó*Ó�}�Wd�|Ï7Ð�_"]�x:xa�/W�Ñ-Ë%Ò'§�¨�^o]o�a�#U�e�\XY/�
x6��W�ew]oY/\f�¢Wd�#x"VfWZ�Ìx#�Lq6\X�o��x"�#¥AewewW�xaq6\p[�e�n(c(WdV�R
�ÂWÛx6��]oY/v�x6��W¶��WZqae�\XVp]hT½�#xa]hm ]oY�c|xa�/WÛx6Wd[���Y/\X[d]hV1�#xa]�m �

nh��x6�/Ww��]oq#xa\X[Z\f��]hx6\XY/�\XY��#x6\fx6U(xa\fn�Y����¢noqBx6��WZ\Xq��A\fxa]oV�[ZnoY�x6qa\XT/U(�
x6\XnoY
�ZR:k��/\p��~¡n�q6vw~�]o���#U/���
n�q#xaWdc¼TA¥�x6��WlµSR � RA�BWZ�
]hq6x6ewWZY�x
nh�� �Y/Wdq6��¥9]oY�c � ]�xa\fn�Y�]hV:�([Z\fWdY�[�Wg�/n�U/Y�c/]hx6\XnoY���x6�/Ww«Lxa]oVf\p]hY
«-�#x6\fx6U(xan � ]h�d\fn�Y�]hVXW|c(\S�D\p�#\p[Z] � U
[�VXWd]hqaW+�{x6��W;z,\fY�\X�#x6qa¥ nh�
 �c/U�[Z]hx6\XnoY�^¡§¡U/Vfx6U�q6W�^¡�A�.noq6xa�d^��([�\XWZY�[ZW¶]oY�c;k°Wd[��/Y�noVXno�o¥@nh�
b�]h��]oY���xa�/W � ]hx6U/q�]hV"�([Z\fWdY�[�Wr��]oY�cü �Y/��\fY/WdWZqa\fY��Â¦1Wr�#Wr]hq�[��

§¡n�U/Y�[Z\fV�nh�1§�]hY�]�c/])�.x6��W � ]�xa\fn�Y�]hV:�([�\XWZY
[�W¼§¡noU/Y�[Z\fV�no��x6�/W
¦"WZ�/U/T�Vf\p[wnh�B§¡�/\XY�])�Dxa�/W�A~1\p�6� � ]�xa\fn�Y�]hV¡�/[�\XWZY�[ZW¼�/noU�Y�c/]��
xa\fn�Y���x6�/WlQ�R ��R(�AVfn�]hY��noU/Y
c/]�xa\fn�Y��oxa�/Wl�¡U�Y�c(Wd�6ew\fY�\X�#x6Wdq6\XU/e
��±U�qw��\XVXc/U/Y/�CU�Y�c½��noq��6[��AU/Y���^�}�WZqaeg]hYA¥���x6��W¶�ln�q6Wr]hY �([Z\��
WdY�[�W¹]oY�c� �Y��o\XY/WZWdq6\XY/�|�/n�U/Y�c/]hx6\XnoY ]hY
c xa�/WC�ln�q6Wr]hY ¦1W��
�6Wd]oqa[��¹��noU/Y
c/]�xa\fn�Y��.x6�/Ww�:]hq6x6\p[�VXWS���A¥(�6\X[d�%]hY
c¹Q%�#x6qanoY/n�eS¥
¦"Wd�6Wd]hq�[��{§¡noU�Y�[�\XV(]hY�c�x6�/W1¦1n�¥�]hV��(nA[Z\fWZx-¥o^oµB���rx6�/W�«uY��#x6\fx6U(x
� ]�xa\fn�Y�]hV:c(Wg���A¥(�6\XÁ�U/W � U�[ZVfWr]h\Xq6W�W�x����A¥(�6\XÁ�U/W�c(Wd���:]oq#xa\X[��
U�VfWr����§ � ¦%���Axa�/W�¦1U��a�#\p]hY¶�/n�U/Y�c/]hx6\XnoYÛ�¢noq1��]o�6\X[�¦1Wd�6Wd]oqa[��"�
xa�/WÂ§¡noew\p�#\r³noYü«uY�x6Wdq6ew\XY/\X�#x6Wdq6\p]hV"c/WÂ§¡\fWdY�[�\p]�¥½k°Wd[ZY/noVXno�.³» ]�^�(��]h\XY��3x6��W� �U/qano�.Wd]oYS§¡noeweSU/Y�\�x-¥�® ��©"U/eg]oY���nhx6WdY�x6\p]hVo��q6no�
��qa]oewe�WSU/Y�c(Wdql[ZnoY�x6q�]o[�xB©%�¡¦ � �#§�k�� ¾ Î*Î ¾ ��Î*Î ¾ Ñ ¾ �/]hY�c¹x6�/W
QB[Z]�c(WZe{¥¼nh���°\XY/Vp]hY�c�R

� {=���I}:9�h>_-r6h=i=�6Z ]����ab�o-^�}��,Z9[-`�}Q�P�/��{��6� B�{�~>�*{DC=¡_¢	}J��Z9f>]�r!p��Ñ�×dè#ÊÌË¢Ô�å�Î6É"×dÈAØ�ñ°Ë¢ÎaåsØdÉ �-Z�n-pe`�Z�n:m�o+�,}£;J}u�Dh=]�dq^�f!_OBe7K�p�I��¤�Z �¥5f>]3�N�N{�~6�!�1C �u[/}u�>�!��¡¦¢	}*�*]�pq`3c9i�^�b�h=_un§�I}£T+pq_£�6f��J^s�?p��¦7K_%_/}�ab�o*^�}¦¨£©/��{�~
E§B�{�~6�!�1C }� �D��ª*}I�,}<�|h=`�pvh=_un/7�}<«-h=d�h=z����vb�o*^�}5�,Z��N}��¬�®��a�>�!�>B�{�~6��N�C=¡��}$¤�}�T+f!buh=[uh7`�])h�h>_%n/ª*}I�,}��|h7`�p��<�ab?o*^�}$�KZ��N}��¯¬£¬u���>�!�B�{�~6�>�
C=¡ Ë¢äaËÌØ�° �ab�o*^�}��,Z��N}7�±¬¦¬u���!�!�=�²B�{�~6�!�1C=¡*�	}
«*Z�_KV�h=_%f7�?p3i
h=_unx��}+¤	}¦T+f!b%h>[%h=`�])h*�¦�vb�o*^�}P�,Z��N}*�³¬+����{��>�6��B�{�~6�!�1C }� E��&�	}�7,de`)h=]�Z9d3dqp Î6Ê�×rån° ��´I}
�vb�o*^�}?�Oµ)¶/�u{��!~·B�{�~!�!~
C=¡+µ5���?�!�>�·Be;FCB�{�~!~>��C }� NK����}P7�¸�f!d3n-Z9] Î6Ê�×rån° By���8����f>d3d3h=mNf>])h=`�pqf>_$C �$�ab�o*^�}��,Z��N}+9/Z9`�`�}¹ ���N�KE*{��!�
EºBy�=�!�*{DC }� �D����}P7KmNZ Î6ÊD×rån° By���8����f>dqd�h=mNf>])h7`�p3f>_$C �)�ab�o*^�}P�KZ��N}+9�Z `�`�} ¹ µ���>�?{���By�>�!�>��C }� ���,��}�T�}�7KmuhKc�f7� Î6Ê%×rån° B��_»ó��f!dqd3h>mNf=])h=`�pqf!_¦C �D^�c-m%z@pe`�`�Z�n�`�f�ab�o*^�}£9/Z9`�`�}£8 ª!c%d�}u�>�!�>�+¡Nb-Z�[-syZ9�£¼=�!�!�!�?{��6�?}� �D��T�}�7�}�8·½Z�r Î6Ê¼×rån° �²�ab�o-^�}��,Z9��}�9�Z9`�`�}]© ¹ �:{7�!�>�UB�{�~6�>�
C=¡
�	}¦«*Z9_1V�h=_%f7�?pqi!�£¤,c%i�d�}£�vb�o*^�}P8¾¬+¶¦©/�¦E
EKNºB�{�~6�=~�C }� ����7�}��&h=[Nf!_-Z�_£�6f Î6Ê�×rån° B���Y��p«-�G��f!dqd3h>mNf=])h=`�pqf!_¦C �¦�ab�o-^�}1�KZ��N}
�U�)¬u�%�6�?{>{��?{¿By�=�!�!�
C }� ~��&��b%h=]�r>ZCi9f!_1VMc%r!h=`�pqf!_2pq^+h=^�^�c%z@Z�nG`�b-]�f!c-r!b-f!c-`W`�b-p3^W]�Z�[Nf=]�`
h=_un"�DZ�f>z@pe`&`�b%Z�^�o*z	mNf!dq^�`�f+p3n*Z�_�`�pqg�o�[uh7]�`�p3i9d3Z9^	h=_un�h>_�`�pes
[%h=]�`�pqi�dqZ�^�}u�%f>],Z9�-h>z@[-d3Z>�Nj k z HÀ� z  � h>_un:pq`�^Ki)buh=]�r>Z�i�f!_*sVMc%r!h=`�Z�h=]�Z�n*Z�_%f=`�Z�n�h=^�j k HÁ�� � }� {�������} 8�d3h>pe] Î6Ê¡×rån° By���8�Á��f>dqd�h=mNf>])h7`�p3f>_$C �I�Db%Z����8�����J�&Z9`�Z�i s
`�f=]D	5��Z�i)b%_%pqi�h=d���Z�^�pqr!_º�KZ�[Nf>]�`��%��;"��T+�p9�7�85sÂ�ac%m*sM~>��¼KE!~!�7s;\}� {!{=�,�	})7,i�f>^�`)h Î6Ê¡×rån° By���8����f>d3d3h=mNf>])h=`�pqf>_$C ���ab�o-^�})�KZ��N})9/Z9`�`�}¨+µ��u�>~*{��!�
EºBy�=�!�6�1C }� {7�D��T+pq^�^�pq_%r�`�])h>_-^��6Z9]�^�ZCZ�_%Z ]�r>o���Ã �1?a��pq^"n*Z9¡u_-Z�nÁh>^:`�b%Z�zWh>r=s
_-pe`�cun-Z�f>g²Ä/ÅUÆ�Ã Æ?QÇÈ Æ �v�Jb%Z9]�Z ÇÈ Æ pq^Wh�c%_%pe`@�!Z�i9`�f>]�p3_G`�b%Z

hKc�pqz�c-`�b%h>dD[-d3h>_%ZW`�buh7`�[Nf>p3_�`�^�g�]�f!z `�b%Z�mNZ�h=zQdqpq_%ZW`�f"`�b%ZÉ `�b�i�h=dqf>]�pqz@Z9`�Z9]J`�f��DZ9]�}� {�EK�Qª!pqZ�c-_ËÊ8pqz����vb/} �	}v`�b-Z�^�pq^��:Ê&o*c%_-r![Nf�f1�O¤&h=`�pqf>_uh>d�y,_%pq�6Z9]�s
^�pe`Mo��u�>�>�6���N��;���T+�Ì9<7�8vsM�:¢�;�«?�s«�s��=�!�!�7sM�!��}� {fN1�K��}"«DV�Íf>^�`�])h>_un Î6Ê"×rån° �|��f!z@[%c*`�}��ab�o*^�}|��f>z@z�c%_/}�¬+©¦¶/�5�KE!�By�=�!�*{DC }� {�����¢�})9v})9�h>p Î6Ê�×rån° By�D�Î; S ��f!dqd3h>mNf=])h=`�pqf!_¦C ��;ac-]�}$�vb�o*^�})ª-}��¬+���$E6�>�§By�>�>�!��C }� {��K�QÏ�Ð+Ñ5Ò$Ó(�+E*} ��{!{DE?}<��})85]�c-_ Î6Ê¡×rån° � ��Î-×ZÈ�Êt;�Ú�ËpÙBÍoås×dÊÌË¢ÏdÈgÑ:èLÏr÷
édèL×dÙ�Ð�ÏZè1Ñ�×dè#ÊÌË¢Ô�å�Î1ÑDÒ�ÓdÉ-Ë¢ÔaÉ�ó�þ6Ý�Î6è6ËpÙ�Î6È�ÊÌÉf°Bô�É�Î6è���ÍhË¢Ø�Îl×ZÈ(Ø
ã�ÎpÐ¬Î6è-Î6ÈAÔ#Î8�Û×dÈ�Í�×då ���:;���¤�Ô��&��Ô?�>�DÔ*�DÔ���;a�	}� {�������}K¢&h>z	mNZ9]�r-�=Y }
9v}=�>h>_Õ¤�Z�Z9]��!Z�_��!h>_%n���}�T�h=`�^�c%c*])h*�
¤�c%i9d�}�ab�o-^�}£Ö·©£¨/�¦EKN�E�B�{�~!~*{DC=¡× µ£µ��¦N!�
E�Be;FC�By�>�!�!�
C }� {��K�Q7�}���}<T�h7]�`�p3_/����}��	}<�Kf!mNZ9]�`�^���Y }<ª-}�«�`�pe]�d3pq_-r-�|h=_un/��}<«�}
�Db-f>]�_%Z>�$�ab?o*^�}P9�Z `�`�}¦8±¶¦©)¬u����{��§By�=�!�6�1C }� {�~K��T�}<9v}�T�h=_%r6h=_%f Î6Ê�×rån° ��ª-}5¢,p3r>b�;a_%Z9]�r=o/�vb�o*^�}5®$©£®$���|�>�*{By�=�!�
E
C }� �=�K�,�	}=��f=]�i�Z�dqd3h Î6Ê�×rån° �Kª-}D¢�pqr>b_;v_-Z9]�r>o_�ab�o*^�}D®�¬�®5¬u�>�*{��]By�=�!�*{DC }� ��{f�Qª-}�T�}��Dh=z@[%mNZ�dqd-h>_%n²��}
Ê�}1;ad3dqpq^��+�ab?o*^�}K�KZ��N}>� × ®��u{>{DE!�>�!�B�{�~!~!~
C }� �>����T�}��Dh>i9i�p3h=]�p Î6Ê×rån°�Õ ª-}_¢,p3r>b³;a_%Z ]�r>oU�ab�o-^�}Õ®Pµ$®£µ����>�!�By�=�!�1N�C=¡·¤�}ÎÊ8p3n-f!_%h1�?pq^"h>_%n ��}\�vf!r=`����ab�o*^�}��,Z��N}�� ×¦¹ �{>{�N6�?{�NABy�>�>�
E
C }� �KEK�Q9a}I�&Z�z@f=]�`�pqZ9]��apq_O�a]�f�i9Z�Z�n-pq_-r!^�f=g\`�b%Z:��f!_*g4Z9]�Z�_-i�Z�f!_ Ö�Ør÷
õZ×dÈAÔ#Î-Ø�Ú�Ê�×ZÊÌËpÉ-ÊÌË¢Ô-×rå¶Ü/ÎuÔ#ÒhÈ�Ë�FaÍ�Î6É@ËpÈ Ñ�×dè#ÊÌË¢Ô�å�ÎCÑDÒ�ÓdÉ-Ë¢ÔaÉ ���t_-s
^�`�pe`�c-`�Z�g4f>]Ø�|h7]�`�pqi�dqZÙ�vb�o*^�pqi�^U�ab%Z�_-f!z@Z�_-f!dqf!r=o��Ëy,_%pq�6Z9]�s
^�pe`Mo�f>g��&c*]�buh>z���y�Ê���{��=sM�!�ÚT�h=]�i)bü�>�>�6��¡	�Ì�F�"�F¼>�6�1¼1E>~*�
���:�v��¼>�!�
¼>�>�ABy�>�!�!�
C �N[/}�{�N���}


